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ADDENDUM 

Article 6. Jennings, J. N., 1959. The submarine topography of Bass Strait. Proc. 

Roy. Soc. Viet. 71 : 49-72. 

On the folding map (Fig. 1) accompanying this paper there are short gaps in 
four adjacent bottom contours N. of the ria of the R. Tamar. This blank area is 
due to the removal of the name ‘River Tamar’ from the draft at a late stage in 
preparation when it was found that the present official name for the ria is Tort 
Dalrymple’. The author was unable to see the proof through absence from Australia. 

These breaks in the contours are unfortunately in a very significant situation 
for the argument of the paper for they are precisely where a submarine channel of 
the Tamar is to be expected. The author denies the existence of such a channel below 
the 15 f. line. The figure below illustrates the relevant portion of Fig. 1 as it should 
have appeared and it will be seen to confirm the absence of a submerged river valley 
here. 
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THE GEOLOGY OF THE GREY MARE RANGE IN THE 
SNOWY MOUNTAINS OF NEW SOUTH WALES 

By E. den Tex 
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Introduction 

In the late summer of 1956 a field party of the Geology Department, University 
of Melbourne, led by the author, made a geological survey of an area of approxi¬ 
mately 30 sq. m. between the lower Geehi River and Bogong Creek in the Parishes 
of Hume and Munyang, County Selwyn, New South Wales. 

The author is much indebted to Mr. D. G. Moye, Head of the Engineering 
Geology Branch of the Snowy Mountains Hydro-Electric Authority (henceforth 
referred to as the S.M.A.), and to members of his staff—in particular Mr. D. 
Svenson—for much valuable information and support. Permission kindly granted by 
the Authority to publish this paper is also gratefully acknowledged. 

The author wishes to express his gratitude to Messrs. D. B. Asthana and W. J. 
Atkinson for assistance in surveying, stimulating discussions and companionship in 
the field. 

The work was carried out for the S.M.A. and the present paper has been based 
on a report prepared for the Authority. Thanks are due to Professor E. S. Hills for 
critical reading of the manuscript. 
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E. DEN TEX: 


The geological map presented here is a simplification of a map compiled by the 
author for the S.M.A. Much detail, such as individual measurements of strike and 
dip of beds, cleavages, foliations, schistosities, dykes, veins, etc., has been eliminated 
in order to show the main rock types and structures to better advantage. Wherever 
practicable, the formation symbols have been designed and oriented in such a man¬ 
ner as to give a proper indication of the interpolated trends of the principal struc¬ 
tures, be it strike and dip in the case of bedding, foliation or schistosity, or azimuth 
of plunge in the case of prominent lineation. The sheets 286134B, 286138B, 278134B 
and 278138B of the Four Inch Series, first edition, S.M.A., have served as a topo¬ 
graphical base for the geological map. Previous geological work was mainly of a 
reconnaissance nature. Parties of the N.S.W. Geological Survey (1950/1) and of 
the Bureau of Mineral Resources (1948/51) traversed the area and have commented 
briefly on the principal rock-types and structures. W. B. Dallwitz, petrologist of the 
Bureau, was particularly concerned with the area between the Geehi River and 
Bogong Creek. He recognized the presence of low- and high-grade metamorphic 
rocks in addition to the granitic rocks of the Grey Mare Range. Among the latter he 
distinguished between trondjehmite or leuco-adamellite on the crest and eastern 
slopes, and granodiorite, adamellite and granite on the western slopes, separated by 
a zone of rafts and xenoliths. Dallwitz suggested that the trondjehmite was em¬ 
placed by filter-pressing of a residual liquor from the western granites along their 
contact with the country rock. 

Evidence of Pleistocene glaciation on the higher levels of the Grey Mare Range 
has been claimed by Dallwitz (1951) and Browne (1952), but the greater part of 
these features was recently explained in terms of periglacial and fluviatile erosion 
by Ritchie and Jennings (1956). 

Physiography 

Structural Relief and Drainage Pattern 

The area under consideration is part of the Snowy Mountains of New South 
Wales and is situated immediately to the west of the Main Divide, between Mt. 
Twynam and the Granite Peaks. In sharp contrast to the plateau east of the Divide, 
its western approaches are precipitous. On Watsons Crags the ground rises some 
5,000 ft. over a horizontal distance of 4 m., i.e. a slope of nearly one in four. 

The area is drained by the Geehi River and its tributaries forming a trellis 
pattern of rhombs and triangles. Three main river trends can be observed. An 
average trend of N8°E. is followed by Grass Flat Creek, the Swampy Plains River, 
Geehi Creek, Kosciusko Creek, Lady Northcote’s Canyon, Ramages Creek, The 
Twins Creek, the middle reaches of Bogong Creek and the upper reaches of the 
Geehi River in the area. This trend will be referred to as the Grass Flat Creek system. 
The lower reaches of the Geehi River trend N80°E. and a similar average course is 
taken by Errols Spur Creek (SE. of Errols Spur) and by a more southerly tributary 
of Bogong Creek. This system is named after Errols Spur Creek. Yet another trend 
is represented by Watsons Gorge Creek, Verandah Creek, Three Rocks Creek and 
the lower reaches of Kosciusko Creek and Bogong Creek. The trend of this Verandah 
Creek system is N49°W. (see Fig. 3E). 

The meandering course of the Lower Geehi River may be due to interference of 
the Grass Flat Creek and Verandah Creek systems with a major lineament of the 
Errols Spur Creek system. In that event it would be an exception to the rule of 
streams following single fault lines in the area. 
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Indeed, the N8°E. and N49°W. trends are similar to those of the two strike- 
slip and dip-slip fault systems to be discussed later. The N80°E. trend coincides 
with a third predominant system of dip-slip faults, mostly of the normal type, which 
has contributed greatly to the present relief of the area. In the stereogram of dip- 
slip striae (Fig. 3E) the main river trends are shown for the purpose of direct 
correlation. It appears that these trends are directly related to the three main sets 
of dip-slip faults, although some minor trends may follow cross-joints or flow down 
the fault scarps as insequent streams. 

All streams in the area are deeply entrenched in V-shaped valleys of juvenile 
profile. Loops are numerous only in those probably conditioned by more than one 
structural lineament, such as the lower Geehi River, but ingrown meanders may 
also be present. The only river section approaching maturity is found at Reads Flat 
where the Geehi turns sharply north, flowing along the southern edge of a flood 
plain a ^ m. wide, before entering the rapids of Devils Grip Gorge. An escarpment 
of SSW. trend, the Geehi Walls, faces the gorge and appears to consist of a band of 
quartzites and hornfelses that may have acted as a local base level of erosion at the 
back of a patch of less resistant gneisses softened by one or more faults. On the other 
hand the strong lineament of Wall Creek suggests that faulting took place along this 
line, probably with a W.-wall up movement, thus ponding back the Geehi River. 
This would involve the presence of subordinate fault ridges in a general system of 
step-faults throwing down to the west on this flank of the Snowy Mountains. Other 
evidence for the presence of subordinate fault-ridges will be brought to bear in the 
sections dealing with weathering and structural geology. The spine of the area is 
formed by the Grey Mare Range and its southerly continuation, Reads Spur. The 
crest of this granitic spur reaches heights of over 5,000 ft. and trends parallel to the 
grain of the older rocks, i.e. SW.-NE. 

Weathering and Landslides 

The depth of weathering in the area is rather variable depending on rock type, 
structure and comparatively recent earth movements. Soils range through a variety 
of textures and colours from a few inches to some 50 ft. depth. Least susceptible to 
weathering, especially mechanical, are the granites and gneissic granites except when 
strongly faulted, sheared or crushed. Reads Spur and the Grey Mare Range should 
consist of comparatively undisturbed (though gneissic) granite, but Grass Flat 
Creek and Ramages Creek are deeply entrenched in shear zones in the same rock. 
Smaller gullies filled with scree and transported soil to depths in excess of 50 ft. are 
numerous in the granitic rocks, especially along the Geehi River track. On the other 
hand, the Bogong Creek track reveals portions of little-weathered, blue granite near 
some of the deeper gullies which are in all probability due to the comparatively 
recent formation of small fault-ridges subparallel to these gullies. Evidence for 
movements of this type has been found in the displacement of late basic dykes. 

A chemically much less resistant (although more massive) diorite occurs in the 
basin occupied by the lower reaches of Three Rocks Creek and Verandah Creek, the 
future site of Geehi Pond. This rock contains less quartz, variable amounts of horn¬ 
blende and more plagioclase than the surrounding granite. The steep western bank 
of the Geehi River, while flowing through the basin, is due to differential weathering 
on either side of the steep E.-dipping contact plane which is now being exhumed by 
the river (cf. map). The sedimentary rocks and low-grade metamorphics, although 
closely jointed and cleaved, are highly resistant to weathering probably because of 
their high, recrystallized quartz content. Errols Spur, an outstanding ridge of a 
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strike deviating from the general grain of the country, is indeed a fault trough filled 
with younger sediments, the relief of which has been inverted in the course of 
differential weathering and erosion. Except for the massive quartzose granulites 
forming some of the minor spurs, the high-grade metamorphic rocks weather deeply 
and seldom give rise to fresh exposures of any extent. Very susceptible to weather¬ 
ing are many of the dyke rocks in the area, especially the intermediate porphyry 
dykes and also the more basic dolerites and basalts, whereas the acid types— 
dacites, granite-porphyries, quartz-porphyries, aplites and pegmatites—appear to be 
more resistant than their respective host-rocks. Their width, however, is rarely more 
than 50 ft. 

Rock-flows and land slides are common on the slopes of the V-shaped valleys, 
especially the Geehi River valley. Recent slides of several hundred feet width are 
found along the Geehi River track where an abundance of slickensided joints and 
fault planes occur with a strike and dip approximately parallel to the slopes of the 
terrain. Withdrawal of support on cutting the track is causing slip of loose material 
along these planes. The presence of older scree-filled channels on these slopes sug¬ 
gests, however, that the sliding is not entirely man-made. 

Lithology and Stratigraphy 

Seven geological formations outcrop in the area. They are the Geehi Metamorphic 
Complex; the ‘Dacite’ Dykes; the Grey Mare (Gneissic) Granodiorite; the Ver¬ 
andah Creek Diorite; the Errols Spur Quartzitic Formation; the Intermediate, 
Basic and Ultrabasic Intrusives; and the Reads Flat Alluvials. 

The Geehi Metamorphic Complex 

Medium to high grade metamorphic rocks are exposed in the Geehi River, along 
the Geehi River track, in the Swampy Plains River, along Bogong Creek track, 
along Bogong Pond track, along Indi River track and in isolated spots throughout 
the S. portion of the area. 

The complex is bedded and consists of alternating phyllites, schists, quartzites, 
granulites, granitic gneisses, gneissic granites, migmatites and pegmatites. The beds - 
vary from several inches to 100 ft. in thickness. Transgressive relationships are rare 
and restricted to the pegmatites mainly. Lenticular structures are common, especially 
in the pegmatites and quartzites. The phyllites are subordinate with variable quartz 
content. They are exposed on the Geehi River track. The schists are possibly the 
most important members of the complex, occurring in almost every outcrop. They 
are mainly biotite schists with variable amounts of muscovite, felspar and quartz. 
The schistosity is parallel to the bedding. Some schists are very dark and slightly 
patchy. The granitic gneisses and gneissic granites appear to be restricted to the 
vicinity of the pegmatites. Muscovite and/or tourmaline are essential constituents 
while biotite is sometimes associated with muscovite. Their boundaries against the 
schists are often slightly transgressive and vague. 

Migmatites have been found only near the contact between granodiorite and 
metamorphics on Bogong Creek track. They consist of schistose and quartzitic 
portions with a more mobile pegmatitic or granitic constituent. Both brecciated and 
layered types are present. 

The granulites are nearly always associated with the gneisses and pegmatites 
and often grade into quartzites. They consist of granular quartz and felspar with 
little or no muscovite and biotite and are extremely resistant to weathering. Although 
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of massive internal structure, the granulites appear to occur in rather thick beds, 
often more than 100 ft. interbedded with rather thin layers and gneiss. They con¬ 
stitute the southern extremities of Reads Spur and Scammels Spur while the flat 
country in between (Reads Flat) is mainly carved in gneiss, schist and granite. 

The pegmatites are chiefly concordant bodies, but slightly transgressive contacts 
with the schists are abundant and occasional discordant dykes have been observed. 
There are tourmaline-pegmatites, muscovite-pegmatites, tourmaline-muscovite- 
pegmatites and pegmatites with a spotted green appearance, probably representing 
epidote formed after tourmaline. It is a notable feature that pegmatites, granites and 
gneisses containing tourmaline are restricted to the western half of the area (exposed 
along Bogong Creek track) while the green spotted pegmatites with their corres¬ 
ponding granites and gneisses are limited mainly to the eastern half as exposed along 
Geehi River track, where shearing movements have been much more intensive than 
in the west. Gradations from pegmatite to granite and gneiss are numerous and 
many of these bodies contain only a core of really coarse pegmatite. Their most 
common shape is lenticular, often arranged ‘en echelon’ in successive bedding planes 
of the host-rock. Occasionally a sill or dyke of pegmatite has been observed but 
rarely are the walls parallel over more than 20 ft., bulges and constrictions being 
frequent features. The thickness of the pegmatites ranges from an inch to some 
50 ft., the thicker bodies generally accompanied by the wider zones of corresponding 
granite or gneiss. 

Any interpretation of the Geehi Metamorphic Complex in petrogenetic terms 
has to await more detailed work in the laboratory. 

‘Dacite’ Dykes 

‘Dacite’ dykes of fine grain, containing hornblende, plagioclase and quartz as 
visible constituents, occur abundantly in the Geehi Metamorphic Complex along 
Bogong Pond track mainly in a discordant disposition. These dykes are termed 
dacites by geologists of the S.M.A. Pending microscopic work, the term dacite is 
more appropriate than quartz-porphyrite or tonalite-poryhyrite, because of the fine 
grain and even texture of the rock. They stand out because of their slow weathering 
and have not been observed in any other formation. Being non-metamorphic they 
are of distinctly later age than the Geehi Metamorphic Complex, but probably earlier 
than the granodiorites and tonalities of which they may well be the hypabyssal 
equivalent. Their average width is in the order of 30 ft. 

The Grey Mare (Gneissic) Granodiorite 

Enveloped by the Geehi Metamorphic Complex is an elongated body of grano¬ 
diorite with the Grey Mare Range and most of Reads Spur as a central spine. Mar¬ 
ginal parts of the granodiorite are exposed along Geehi River track. It is also 
found along Bogong Creek track. Scattered exposures occur along Indi River track, 
while outcrops in the Geehi River bed are partly covered by alluvials. The rock is 
variable in composition but variations are generally gradual. Quartz is an essential 
constituent together with plagioclase felspar and biotite. Alkali-felspar and musco¬ 
vite are subordinate or absent. The quartz content sometimes approaches 50%, 
making the rock a tonalite or almost quartz-tonalite. Dark xenoliths and melano- 
cratic streaks (rich in biotite) are abundant in the marginal portions, while a 
leucocratic facies, carrying muscovite and sometimes tourmaline instead of biotite, 
occurs in streaks and patches adjoining pegmatite veins. The latter are numerous, 
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generally concordant, and very much like the pegmatites found in the Geehi Meta- 
morphics, i.e. carrying muscovite and/or tourmaline on the western slopes and mus¬ 
covite and/or chlorite-epidote on the eastern slopes of the Grey Mare Range. In 
anticipation of microscopic work they may be referred to as probable greisens. The 
normal granodiorite, when fresh, has a distinctly bluish tint due to the colour of the 
quartz, and the same applies to the coarse quartz crystals in many of the pegmatites, 
especially along Geehi River track south of Grass Flat Creek. 

The granodiorite, in a regional sense, is concordant with regard to the Geehi 
metamorphic beds but the presence of disoriented xenoliths, close to the contact, and 
of brecciated migmatites indicates that a disconformity of intrusive nature separates 
the two formations. The granitic rocks, with the exception of certain leucocratic 
tvpes, are strongly foliated and lineated, the foliation being conformable with regard 
to the primary contact. Some marginal portions are distinctly porphyritic, while 
dykes of aplite, quartz-porphyry and granite-porphyry are frequently discordant but 
obviously belong to the same suite of rocks. Similar dykes of ‘basalt’, dolerite and 
felspar porphyry will be discussed separately, as their occurrence is not restricted to 
the Grey Mare Granodiorite and they do not belong to the granitic suite. 

The Verandah Creek Diorite 

The physiographic basin formed by the lower reaches of Three Rocks Creek and 
Verandah Creek east of the Geehi River has a bedrock differing from the surround¬ 
ing Grey Mare Granodiorite in many respects. It contains little or no quartz, holds 
variable amounts of green hornblende (sometimes to the exclusion of biotite) and 
is liable to intensive spheroidal weathering. The pure diorite is comparatively rare. 
It is locally porphyritic containing hornblende phenocrysts, but gradations into 
biotite-granodiorite of Grey Mare-type are abundant. 

The distinction of the two rocks is mainly based on structural features. The 
internal structure of the diorite is of a different orientation and nature, being 
principally linear rather than planar as is the case in the granodiorite. Moreover, 
inclusions of biotite granodiorite are common in the marginal portions of the diorite, 
but nowhere has an inclusion of diorite been observed in the granodiorite. The transi¬ 
tion types, having mostly the same structure as the diorite, are tentatively regarded 
as belonging to the Verandah Creek Diorite suite. In the area proper only marginal 
portions of the diorite are exposed along Geehi River track and in the Geehi bed. 

Irregular dykes and veins of aplite are comparatively rare and distinguished by 
a bright pink felspar. They and the mostly discordant quartz veins are devoid of the 
blue quartz characteristic of the gneissic granodiorite. Shearing is localized and less 
intensive, but where present it is nearly always accompanied by green epidote 
slickensides and a zone of bright red carbonate, probably hematite-stained calcite. 
Basic dykes are also found cutting across the diorites and associated rocks. 

The Errols Spur Quartzitic Formation 

A sequence of alternating massive quartzites, quartz-slates, slates and phyllites 
outcrops on Errols Spur and is exposed along Bogong Creek track and Bogong Pond 
track. Beds of massive quartzites up to 100 ft. thick form the bulk of the formation. 
Commonly they are grey in colour and of fairly coarse texture but occasionally 
bluish; fine textured varieties of a cherty appearance are found especially on the 
southern slopes of Errols Spur. Quartz-slates and quartz-phyllites are subordinate 
constituents of the succession. Their individual thickness does not exceed 60 ft. and 
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is more often in the order of several inches. Green and dark blue colours are promi¬ 
nent, often in alternation. Quartz-slates containing mud-pellets have been observed in 
isolated localities, mainly in the green varieties. The latter grade into true slates and 
phvllites of which only a few exposures, not exceeding 40 ft. in thickness, are present 
in the sequence. Some highly sheared members of this type could be described as 
talc-schists. 

Milky quartz veins are prominent in the formation, especially on the northern 
slopes of Errols Spur and on Bogong Pond track. They vary in thickness from 
in. to 1 in. and frequently follow joints and cleavage planes giving evidence of 
considerable displacement on these planes. Total exposed thickness of the formation 
is of the order of 700 ft. 

Intermediate, Basic and Ultrabasic Intrusives 

Dykes and other bodies of igneous rock occur throughout the area cutting across 
all previously mentioned rocks, although none has been found so far in the Errols 
Spur Quartzitic Formation. They can be classified in three main types: 

Felspar Porphyry Dykes: 

Strongly weathered, greenish-grey dykes are abundant especially in the Grey 
Mare granodiorite, but they occur also in the Geehi Metamorphics. Comparatively 
fresh portions of some of these dykes show rare phenocrysts of potash-felspar (not 
exceeding 5 mm. diameter) set in a somewhat trachytic matrix. Pending micro¬ 
scopic work, the name felspar-porphyry is applied to the group in general. They 
weather to a greenish-grey clay without any gritty constituents. Often they are 
constricted or lensed by shear planes making a low angle with the plane of the dyke. 
In other cases off-sets on planes making a high angle with the dyke wall can be 
observed. Average width of 57 dykes is ft. Their grouping with the basic dykes 
is mainly based on structural evidence. 

‘Basalt" Dykes: 

These dykes, known as ‘basalts’ to S.M.A. geologists, carry phenocrysts of 
olivine and sometimes a few pyroxenes. Small nests of olivine and cavities lined with 
calcite or zeolites have been observed in one basalt dyke on Geehi River track. Dis¬ 
placements by cross-cutting faults are common but sheared walls, feather joints, 
bulges and constrictions are extremely rare. Weathering is of variable intensity and 
often somewhat spheroidal. Average width of 12 dykes is ft. 

Dolerite Dykes: 

Basic dykes containing hornblende and a light-coloured plagioclase, in what 
seem to be ophitic intergrowths, occur in a similar manner to the basalts. For dykes 
of this type the term dolerite is used as a field name by geologists of the S.M.A. 
Their plagioclase content is extremely variable and the hornblende may occur in two 
generations to the detriment of true ophitic textures. These dolerites are more 
commonly sheared along their walls than the basalt dykes. Also they often exhibit 
feather-joints, bulges and constrictions, indicating movement of their walls after 
emplacement of the dyke. There is a notable preference of the dolerites for the 
Verandah Creek Diorite. Average width of 5 dykes is 1£ ft. 

Hornblendites and Serpentinites : 

Ultrabasic rocks consisting of green hornblende with variable amounts of ser¬ 
pentine and occasional plagioclase have been observed in one locality only. This is a 
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vertical tabular body of some 100 ft. width with strongly sheared contacts against 
granite-mylonite on the Geehi River track. The bulk is hornblendite with hornblende 
crystals measuring up to ^ in. Serpentine forms interstitial masses or in some types 
a matrix. Serpentinite occurs in irregular patches and all transitions are gradual 
except for thin veins of greyish fine-grained rock rich in felspar. 

Internally the mass is sheared on two complementary shear planes but not so 
strongly as the surrounding granodiorite. Occurring as it does in a broad mylonite 
zone its present situation may well be tectonic and its dyke-like form may be 
accidental. Consequently, the inclusion of this isolated ultrabasic occurrence in the 
group of the intermediate and basic dykes is based on petrological affinities and is 
more a matter of convenience than one established by similarities in mode of occur¬ 
rence and structure. 

Reads Flat Alluvials 

Unconsolidated alluvial sediments occur along all rivers and creeks in the area, 
mainly in the form of boulder beds, but occasionally as fans and scrolls of finer 
pebbles, sands and silts. The only visible occurrence of alluvial sediment is found 
at Reads Flat in the form of an L-shaped flood plain about 5 m. long and a ^ m. 
wide along the lower Geehi and upper Swampy Plains Rivers before the latter meets 
Bogong Creek and the Geehi Walls. 

The alluvials are mainly silts with a loamy soil on top. They have been deposited 
by the Geehi River in a period of stagnation probably while trying to overcome the 
obstruction of the Geehi Walls. The maximum thickness of the deposits is not known, 
but should not exceed some 100 ft., with the uneven valley floor exposed in several 
places near the centre of the flood plain. 

At present, the Geehi, filled with boulders and entrenched at least 5 ft. in the 
southern margin, is actively cutting down in its former flood plain. Thus, the Reads 
Flat Alluvials have been considerably eroded and must have been deposited before 
the latest rejuvenation of the present drainage system. Remnants of a terrace some 
50 ft. above the present flood plain suggest that the maturity of this river-section has 
been interrupted several times. 


Structural Geology 

The folds in the area are of two main types—isoclinal and asymmetrical. 

Isoclinal Folds of NNE. Trend 

These are restricted to the Geehi Metamorphic Complex where the average 
strike of beds is N27°E. and the average dip vertical. Fig. 2A is an equal-area plot 
of poles of bedding, schistosity and cleavage, hereinafter called S-planes, measured in 
the metamorphics on either side of the Grey Mare Range. It is obvious from the 
diagram that the sequence is folded as there is a tendency for the bedding planes to 
lie on a great circle (?r) of the projection, the axis (B) of which coincides more or 
less with the greatest density of lineations (X). The latter are therefore B-lineations 
but probably of a rather early nature as their concentration is not so dense as that 
of the S-planes. A salient feature of Fig. 2A is the difference in orientation between 
the S-planes W. of the Grey Mare Granodiorite (marked •) and those E. of the 
latter (marked O). The easterly beds are all dipping W. or vertical (with an average 
of 60°), whereas the majority of the westerly beds dip E. at about 75°. They may 
constitute the limbs of a huge synclinorium. It is also possible however that the 
Grey Mare Granodiorite has arched up the central part of an isoclinally folded series 
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of sediments. The latter explanation finds support in the presence of intrusive 
structures in the granitic rocks and in their orientation. 

A definite spread of S-plane poles away from the great circle is noticeable 
especially near the dip-direction, but occasional poles are situated right in the area 
of the B-axis. However, most of these belong to planes measured on isolated frag¬ 
ments of the metamorphic complex within the granodiorite or to marginal portions 
of the former which have probably been disoriented by the intrusive action of the 
granite. In fact, these poles conform better with the granitic foliation (cf. Fig. 2C) 
than with the average schistosity of the metamorphics. 

Finally, the spread of B-lineations along a great circle normal to the average dip 
of the beds indicates rather variable pitch of the axis within the axial plane. More¬ 
over, the northerly pitches are restricted to the outcrops in the north and the 
southerly deviations occur mainly in the southern outcrops of the metamorphics so 
that the axis appears to be arched longitudinally over the granodiorite, again sug¬ 
gesting uplift of the country rock by forcible intrusion of magma. 

The general trend and style of folding is not unlike that observed in known 
Ordovician sediments elsewhere in New South Wales and Victoria. 

Asymmetrical Folds of Alternating Pitch and NNW. Trend 

The folds in the Errols Spur Quartzitic Formation are of a very different nature. 
They are extremely complex and their trend and style has been elucidated with the 
aid of equal-area plots. 

The sharp loop of Bogong Creek track around Errols Spur affords a double 
cross-section through the formation. Plotting of bedding planes and cleavages was 
done systematically along the track using a different notation for the poles as soon 
as a change of pitch of the fold axis became evident. Once the trend of the axes was 
established, the change in structure along the fold axis could be shown by comparing 
and combining elemental stereograms from the northerly and southerly exposures of 
the same axis. Thus it was found that— 

(1) fold axes trend persistently N18°W.; 

(2) alternate axes plunge 38° and 20°S.; 

(3) along one axis the structure changes gradually from crest into trough and 
along the adjoining axes from trough into crest in the same direction. 

This makes for numerous rapid and seemingly irregular changes in strike and 
dip of the constituent beds. Thus, the structural contour map is one of the few means 
of representing the complete structure as conditions (2) and (3) would necessitate 
the use of staggered cross-sections and longitudinal profiles to bring out all aspects 
of the structure. An axial profile would not only need to be staggered along the axis, 
but would have to be of variable tilt as it moves from one axis to the next. 

Another complete picture is provided by the contoured equal-area plot composed 
of the elemental stereographic plots of bedding and cleavage poles located at regular 
intervals along Bogong Creek track where it traverses Errols Spur. This collective 
plot (Fig. 2B) represents 75 independent measurements of strike and dip and 
reveals a distribution pattern of the poles along two great circles (7r and ir) of the 
projection intersecting in a horizontal line (common strike). The corresponding axes 
(B and B') are hence true fold-axes trending N18°W. and plunging in opposite 
directions in a common vertical plane—one at 38° N., the other at 20° S. Although 
a few dips of 90° or more are found, both fold systems are essentially upright with 
an almost continuous coverage of poles along the great circles and with point maxima 
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in three positions—two representing the limbs and one nearer the crest or trough of 
the structure. In the S.-plunging folds the E.-dipping limb is the most strongly 
developed with a maximum of nearly 10% at 70°. The 6% maximum of thev 
other limb dips at 50° to the W. Consequently, the structure is slightly asymmetric 
cal with an axial plane dipping 76°E. The N.-plunging folds are symmetrical witlf 
regard to the S.-plunging folds. They can be made to coincide by a rotation of 
180° around the bisectrix of the fold axes. Their strongly developed limbs ar^ 
dipping W. with a 6% maximum at 60° and another one drawn out toward^ 
the apex. The E.-dipping limb is rather poorly developed, but a 6% maximurq 
occurs at 45°. Thus its axial plane, bisecting the angle between the limbs, dip^ 
81° W. The axial planes, like the corresponding fold-axes, have a commoq 
strike but dip in opposite directions. This is one of the reasons why it is com 
sidered unlikely that the double system is due to cross-folding of an originally 
almost level structure trending N18°W. and plunging 8°N. (O in collective plot) v 
Other evidence against such folds supposedly folded about an axis normal to th^ 
first (O) in the horizontal plane is that their common plane (dotted great circle) i^ 
a plane of symmetry as regards the total structure, suggesting that the variably 
plunges originated contemporaneously during a single act of folding. The regular 
alternation of S.- and N.-plunging axes and the dying out and ultimate reversal of 
anti- and synclines along them is a feature common to folds in the Ordovician ancf 
Silurian of Victoria. Folds of similar trend have been reported from the Upper 
Ordovician of N.E. Victoria by Tattam (1929). 

That the two fold systems appear to be unequally developed may be an effect of 
discontinuous exposure as the spacing of fold axes is strictly uniform along the trade 
and an even number of structures has been investigated. Minor folds have beeq 
observed with both E.- and W.-dipping axial planes. Vertical bedding planes ar^ 
rare and overturned stratification is restricted to the cores of certain minor crests 
and troughs. 


Faults, Shear- and Crush-zones 

These have been divided into two categories—(i) strike-slip, and (ii) dip-slip 
faults, taking the 45° pitch of slip-striae as a demarcation. Oblique slips and move¬ 
ments of unknown slip are rather more common than pure dip and strike-slips. 

Strike-slip Movements: 

A glance at the major geological boundaries of the map reveals that two sets of 
faults with essentially horizontal movement have been active in the area after the 
emplacement of the granodiorite. Its boundaries with the Geehi metamorphics are 
frequently offset on planes striking between WSW. and SSW. with clockwise or 
anticlockwise relative movements mainly in the westerly and northerly sections. 
Horizontal displacements (heaves) in excess of £ m. have been recorded. There 
appear to be tw r o sets, one striking WSW., the other NNW. which are complemen¬ 
tary shear planes in a strain-ellipsoid with the long axis (A) parallel to the grain of 
the bedrock and the intermediate axis (B) vertical or nearly so. The compression 
axis of the corresponding stress-deviator must have been parallel to (C), the short 
axis of the strain-ellipsoid running WNW.-ESE. In other words, the bedrock has 
been flattened by tangential compression as between the jaws of a vice, but yielding 
in a horizontal direction only, as far as the strike-slip faults indicate. 

On a smaller scale there are numerous shear zones, phyllonites, mylonites and 
crush zones of which the displacement is too small to be shown on the map or even 
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to be measured in the field. They traverse the Geehi Metamorphics, the Grey Mare 
Granodiorite and associated rocks, but abut against the basic dykes and are con¬ 
spicuously absent in the Verandah Creek Diorite and the Errols Spur Quartzitic 
Formation. 33 poles of fault planes on which the displacement direction pitches 
less than 45° have been assembled in an equal-area projection (Fig. 3A) and 
contoured. There are four distinct point-maxima in the diagram, three of which 
are situated approximately along the periphery of the projection forming an incipient 
girdle. The planes to which these maxima are the poles have been drawn in full as 
great circles in the projection. Relative movements along the planes constituting 
these maxima have been averaged and are shown by arrows. It appears that one of 
the three sets is a plane of flattening and elongation trending ENE.-WSW. (in the 
grain of the country) and bisecting the obtuse angle between the other two which 
are complementary shear planes. The third and strongest maximum is the pole to a 
plane (drawn in as a dashed great circle) of the same strike but of a more gentle 
dip than the plane of flattening. Examination of the displacement-directions of the 
planes constituting this maximum reveals that all but one have pitches of more than 
38°, so that they could well be strike-slip faults rejuvenated as dip-slip faults. 
98 poles of shear planes, mylonites, phyllonites and crush-zones have been plotted 
on a second equal-area projection (Fig. 3B). Slip-striae or measurable displace¬ 
ments were lacking on all of these, but the density contours show clearly that 
the bulk conforms closely to the pattern produced by the strike-slip faults. 
Although more gentle dips are available for almost any strike, the strong maximum 
of probable dip-slip origin in Fig. 3A is absent suggesting that the dip-slip move¬ 
ments have occurred on single planes of considerable displacement rather than in 
zones of small additive throws. The density distribution of the second diagram may 
therefore give a clearer picture of the strain to which the rocks were subject during 
the flattening deformation. It would appear, then, that the maximum corresponding 
to the N.-S. striking shear-plane (S 2 ) was the stronger one and, in fact, it is found 
that many of the mylonites and phyllonites approaching mylonites are of this trend. 
The strain was thus not strictly equal in both senses of the long axis but preferential 
N.-S. displacements have brought the plane of flattening somewhat more towards 
the meridian than the obtuse bisectrix of the shear planes. Finally 43 slip-striae and 
displacement-directions of less than 45° pitch are presented in the equal-area plot 
(Fig. 3D). Here, the stronger maxima are all situated on the shear planes or the 
plane of flattening (drawn in full as great circles). There are three true strike-slip 
maxima of less than 25° pitch of which the one in the plane of flattening is the 
strongest closely followed by the maximum in the N.-S. shear plane. Separate 
maxima appear further inwards at pitches of more than 25° and less than 45°. 
These maxima cannot be explained by assuming dominant strike-slip along the planes 
shown in full. It seems, however, that they occur at the intersections of zones of 
planes of a similar trend as the strike-slip faults but of more gentle dip. Some of these 
have been drawn in as dashed great circles. When discussing the dip-slip faults it will 
be made clear that gently inclined faults of the latter type may have contributed 
towards the formation of these inner maxima with slip-directions pitching less than 
45° in the fault plane. 

The average dip-azimuths and angles of dip of the three sets as derived from the 
three plots are: 

1st shear plane (S 2 ) : 285.87, 

2nd „ „ (S 8 ) : 210.88, 

plane of flattening (Si) : 156.89. 
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As the axial plane of the folds in the Geehi Metamorphic Complex deviates from the 
plane of flattening by 38° strike, the complementary shear planes are not strictly 
transcurrent or wrench faults related to the folding strains. 

Dip-slip Movements: 

Dip-slip faults of predominantly normal throw are found throughout the area 
affecting directly all formations except the Reads Flat Alluvials. Wherever dip-slip 
and strike-slip faults intersect, the latter are displaced or have been subject to drag 
by the former. 

For statistical purposes all faults with displacement-directions of more than 45° 
pitch have been included in the category of dip-slip faults. It is realized that the 45° 
pitch is a rather arbitrary line of demarcation but, as will be brought out later, it 
serves the present purpose adequately. 75 such faults have been measured in 
the area and the distribution of their poles appears as a density contour-pattern in 
Fig. 3C. One outstanding maximum of 7% is seen in the SE. quadrant. It occu¬ 
pies approximately the same location as the 10% maximum in Fig. 3A which 
has been explained as a possible dip-slip superposition on the strike-slip fault 
pattern of that figure. Its corresponding plane is drawn as a full great circle. A fault 
plane of similar strike but opposite dip is also present but by no means so often. 
Other vague trends are shown by scattered point-maxima of not more than 4% 
and the corresponding planes are represented by dashed great circles. Comparison 
with Fig. 3B demonstrates that their trends coincide roughly with those of the three 
strike-slip sets. 

With regard to the displacement directions on these faults special precautions 
were taken. Some of the dubious pitches of little more than 45° were not considered, 
to wit those in which the sense of the relative movement was more in keeping with 
the dominant heave of the strike-slip than with the dominant normal throw of the 
dip-slip faults. 

The remaining 58 slip-striae and other displacement-directions were plotted and 
contoured in the normal manner and appear as such in Fig. 3E. A 14% maximum 
stands out in the centre of the diagram with deviations in all azimuths of the pro¬ 
jection. Two subordinate maxima of 11% can be observed. As could be expected 
they both lie in the 7% fault plane of Fig. 3C but, strangely enough, not along 
its dip (where we find only a small maximum of 4%) but pitching some 75 ° E. 
and W. This peculiar arrangement viewed in conjunction wfith a similar pattern 
in the central portion of the strike-slips (Fig. 3D) and with the vague delineation 
of deviating dip-slip fault trends (Fig. 3C) suggested to the writer that slip 
occurred in all azimuths with a distinct preference for fault-plane intersections. 
The centre of the projection, being the intersection of all trends, is an obvious 
preferred direction for normal dip-slips, but the other maxima appear to occur 
also on intersections of steeply dipping planes of three main trends. Once again 
these trends coincide with those of the three strike-slip fault trends, although 
planes of deviating dip, down to 25° either way, seem to have been used by the 
dip-slip. Particularly dense are the distributions of the slip-directions in the inter¬ 
sections of the 7% plane of Fig. 3C, with planes of a trend N29°E. (Sa) indi¬ 
cating that the latter trend of fault-plane ranks next in importance to the former 
(Si) at N71°E. The third trend at N119°E. is rather vague with independent 
maxima not exceeding 4%. The sense of displacement of the hanging wall has 
been averaged for each maximum and is shown with arrows in the correct 
azimuth of the projection. It appears that normal faulting is predominant in all 
directions and especially on a set of steep NNW.-dipping faults. Reverse movements 
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are also in evidence and they have, in conjunction with obliquely intersecting normal 
movements, undoubtedly given rise to ‘horsts’ and ‘grabens’ of various trends in the 
general step-fault topography from the main range to the plains in the NW. The 
three main river systems at N8°E., N80°E. and N49°W. are also shown in Fig. 3E 
and are referred to by the name of their most prominent representative. As none of 
the systems deviates more than 10° from the corresponding fault trend, the con¬ 
clusion is foregone that the mosaic or block-fault topography has solely conditioned 
the drainage pattern. 

Intrusive Structures of the Granitic Rocks 
The Grey Mare Granodiorite : 

This rock has a gneissic structure. A strong foliation is conspicuous throughout 
the pluton whereas a lineation, contained in the foliation plane, is often visible to the 
naked eye. All measurements have been recorded on the map and, at first glance, the 
foliation seems to be generally conformable and concordant with the schistosity of the 
country rock. The lineation pitches steeply down W. and is almost at right angles to 
the fold-axis in the Geehi Metamorphic Complex. Only in certain cuttings of the 
Geehi River track NW. of the metamorphic septum did we find evidence of some¬ 
what conformable but strongly discordant structures in the granodiorite, with the 
foliation striking N. and dipping steeply either way and with an occasional lineation 
pitching steeply S. 

The implication is that discordant intrusive structures may have been transposed 
into a concordant orientation by the flattening movements of a highly penetrative 
nature that were shown to have occurred in both the granodiorite and its meta¬ 
morphic country rocks. For this reason the discussion of the granitic structures was 
deferred until after an exposition of the faulting and shearing with attendant 
formation of phyllonites and my Ionites had been given. Fig. 2C presents an equal- 
area plot of 50 foliation-poles and 16 lineations (-f-. O) throughout the granodiorite. 
There are three main point maxima of the foliation-contours connected by an in¬ 
complete great-circle. The most prominent (10%) coincides roughly with the 
plane of flattening of the strike-slip faults (Si). It strikes N58°E. and dips 
77° NNW. The next maximum of 8% does not coincide with any of the pre¬ 
viously established structural planes except the axial plane of the Errols Spur 
Quartzite Formation. It strikes N18°W. and dips 74°E. A third maximum of 
6% strikes N23°E. and dips vertically (S 2 ). Lineations are situated on or near the 
two principal foliation-planes, those nearest S 2 are very close to the common inter¬ 
section of the three planes. 34% of the planes constituting the two principal foliation- 
planes are planes of tabular xenoliths which have not been intimately sheared and 
may therefore be taken to represent original planes of flow layering, whereas such 
structures form only 20% of the planes constituting S 2 . The long axes (O) of 
the triaxial xenoliths are situated in or near the two principal foliation-planes, 
while other lineations occur in a small circle girdle around the common intersection 
of the three planes. These considerations support the contention that the two 
principal foliation-planes are at least partly primary flow structures, possibly con¬ 
ditioned by the trends of the country rocks, but that S 2 , as the stronger of the 
strike-slip shear-planes, was a plane of transposition of both the two principal 
foliation-planes and the lineations contained within them. Transposition of Si would 
be of no great significance causing deviations of not more than 36° to develop, but 
transposition of the NNW.-SSE. foliation-plane could result in a change of strike 
of more than 90° with considerable attenuation and possibly sharply curved shear- 
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folds. As such extreme structures are lacking and there is no connection between 
the maxima belonging to S 2 and the NNW.-SSE. foliation-plane, it is highly im¬ 
probable that the latter has been subject to much transposition as has been suggested 
before. This is corroborated by the high percentage (60%) of obviously primary 
lineations (long axes (O) of xenoliths) in the NNW.-SSE. foliation-plane. The 
maximum pitch is 73°S. in this plane. The lineations in Si are of different nature. 
Here only 10% are long axes of xenoliths, another 10% are possibly transposed 
lineations of NNW.-SSE. foliation-plane, 20% are intersection lineations (B-axes) 
and the remaining 60% are concentrated in the same area as the dip-slip striae of 
Fig. 3E. Primary flow lines must have been situated in the centre of the dotted 
great circle (v) containing the foliation-maxima, and hence secondary lineations are 
masking the primary ones in the lineation-contours. 

The Verandah Creek Diorite: 

This shows generally weaker structures than the Grey Mare Granodiorite. In 
13 localities along the Geehi River and in the bed of the Geehi measuremnts have 
been made mostly of apparent lineations on random exposure planes. The elemental 
stereograms indicate that the rock is foliated as well as lineated. A collective equal- 
area diagram has been prepared (Fig. 2D) showing the average foliation (O) at 
61 • 85 and the average lineation (L) pitching 75° SSE. within the foliation. The 
extreme trends of the contact are NNW.-SSE. and ENE.-WSW. It appears that the 
foliation is roughly parallel to the NNW. contact plane. The ENE. trend of the 
contact has had little influence in determining the foliation but it is possible that the 
lineation, situated almost in the intersection of the two trends has to some extent been 
conditioned by both. This would suggest upward flow of magna in a conduit of 
ellipsoidal cross-section with the long diameter trending NNW. It is perhaps useful 
to recall, at this stage, that some of the primary structures in the Grey Mare 
Granodiorite have similar orientations especially those near the margins of the 
Verandah Creek Diorite. None of the known shear planes in the area have affected 
the latter fabric in a penetrative manner. Possibly this phase of deformation was 
already on the decline by the time the diorite became emplaced. 

Joints, Veins and Dyke-walls 

For each formation these features will be discussed jointly with the aid of col¬ 
lective equal-area diagrams, except for the Grey Mare Granodiorite where each 
feature is illustrated with a single diagram. A synoptic plot of the main dyke-pole 
maxima is given in Fig. 4F. 

In the Geehi Metamorphic Complex 17 joints have been measured as well as 14 
pegmatites, 8 quartz veins, 4 dacites and 2 basalt dykes. They appear in Fig. 4G 
with a separate signature for each. The bedding plane girdle (ir) is also shown and 
one of the striking features of the diagram is the concentration of pegmatites, quartz 
veins and some of the dacites along the 7r-circle. On the other hand, the joints have 
their greatest density near the pole to t r, i.e. near the fold axis B. In other words, 
they are mainly ac joints. Tension may have been on the wane across these joints 
after folding of the metamorphics as 3 out of 5 dacites, 5 out of 15 pegmatites and 
one out of 7 quartz veins are found in the corresponding maxima. The one and only 
basalt dyke measured in the complex is also nearer B but this type of dyke has more 
probably followed the corresponding dip-slip fault as will be shown more con¬ 
vincingly when discussing the basic dykes in the granitic rocks. 

In the Grey Mare Granodiorite 89 joints have been measured. Fig. 2E represents 
their distribution pattern. A strong point maximum occurs at the centre of the dia- 
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gram. This isolated maximum is very near to the average primary lineation in the 
granite. It is an obvious cross-joint system if due consideration is given to the fact 
that these joints were measured on the flanks of the pluton and are therefore not 
parallel to the roof at closest proximity. The 6% maximum -is also close to 
the axis of a girdle ( 7 r) with several subordinate maxima, two of which coincide 
with the primary foliation planes, while two others are situated near the poles to the 
complementary shear planes. Although slickensided joints were omitted from this 
plot, the influence of shearing on the joint pattern has not been totally eliminated. 
This may be the reason for some of the weak maxima between the great-circle-girdle 
and the central maximum, but at least two of these (almost on the E.-W. diameter) 
cannot be due to shearing and may be diagonal joints in the primary pattern. The 
63 pegmatites measured in the granodiorite have been plotted in Fig. 4A. Their main 
concentration is found along the stronger of the two shearplanes; weaker densities 
occur on the cross joints, on the other shearplane and along the primary foliations 
(dashed great circles). 

The 51 porphyry dykes, shown in Fig. 4E strike from NNW. to ESE. with a 
maximum in ENE., i.e. along primary foliation and plane of flattening (Si), but at 
the same time along the most prominent dip-slip faults which are more likely to have 
directly influenced their emplacement. 

Forty aplite dykes from the same environment appear in Fig. 4B. Like the 
pegmatites, they are concentrated on the stronger of the shear planes (S 2 ) with a 
weak maximum near the pole to the weaker shear plane (S 3 ). 

The 18 quartz veins of Fig. 4C show a somewhat similar arrangement to the 
pegmatites and aplites although there is no preference for any one of the two shear 
planes and the maximum concentration of 11% falls short of the 18% for the 
aplites. In contrast with the pegmatites, the aplites and quartz veins are distinctly 
shy of cross-joints which may indicate their emplacement in the order of mention. 
Finally 10 basalt and dolerite dykes appear as poles in Fig. 4D. Their main densities 
are near the poles of the two complementary shear planes (i.e. NNW. and ESE.) 
but it is realized that more measurements are required over a larger area to establish 
such as relationship in clear terms. 

In the Verandah Creek Diorite 43 joints, 9 basic dykes and 6 quartz veins have 
been measured. Their distribution pattern (Fig. 2F) is distinct from that in the 
Grey Mare Granodiorite. There is still a strong maximum near the centre but this 
is in better accordance with the average lineation (L) of the diorite than with that 
of the granodiorite (cf. Fig. 2C). This is doubtless a primary cross-joint system. 
Other strong maxima represent the three systems of dip-slip faults especially the 
most strongly developed of these, striking ENE. and dipping steeply NNW. In this 
maximum (9%) an accumulation of basic dykes can be noticed. This orientation 
of basic dykes was not found in the Grey Mare Granodiorite but there the com¬ 
plementary shear planes were present before the dip-slip faults occurred, so that 
the relative importance of the latter’s three systems has probably shifted in favour 
of the shear planes. The basalts may thus be taken as having been emplaced during 
or after the movements that gave rise to the dip-slip faults. The same applies to the 
felspar porphyry dykes of which the number measured is rather more adequate for 
statistical purposes. Weak joint maxima occur in the foliation some 90° away from 
the lineation. These are primary longitudinal joints, whereas the absence of joints 
parallel to the foliation is conspicuous. 

In the Errols Spur Quartzitic Formation no dykes have been recorded. Joints 
and quartz veins are present but only a few of the former have been measured. Fig. 
4H shows the pattern of 16 joints with an indication, borne out by assessments made 
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in the field, that the main joint systems are be joints roughly perpendicular to a, 
the direction of tectonic transport. Other systems including ac joints appear to be 
present in subordinate quantities. Closely spaced joints parallel to the fold-axis and 
at a higher angle to the bedding are very prominent in the quartzites where sectioned 
in an appropriate direction (i.e. nearly all the way along Bogong Creek track on 
Errols Spur). Average spacing is in the order of 3-6 in. providing good access for 
the agents of mechanical weathering. 

The correlation of the main maxima of dyke and vein orientation with the ver¬ 
tical shear planes of flattening is demonstrated by the synoptic plot (Fig. 4F). 

Historical Geology 

Having set out the lithology and structure of the various formations we are now 
in a position to discuss their age relations. The oldest rocks in the area are found in 
the Geehi Metamorphic Complex. They are more tightly folded and more highly 
metamorphic than any other formation. Disoriented fragments of the complex are 
found in the granodiorite which is also seen to inject and penetrate the metamorphic 
rocks. 

A local swarm of ‘dacite’ dykes, exclusively found in the Geehi Metamorphic 
Complex with cross-cutting relations, is probably next in age. 

The Grey Mare Granodiorite with its frequent tourmaline varieties could well 
be the plutonic equivalent of the dacites. Its internal structures are parallel to the 
contact with the metamorphics (except where faulted) but this contact is not always 
concordant with the principal structure in the metamorphic rocks. It is therefore 
younger than the metamorphics and possibly it post-dates the dacites too. 

An invasion of pegmatites, with widespread pneumatolytic action on both the 
granodiorite and the metamorphics occurred after the emplacement of the grano- 
diorite and almost simultaneously with a strong flattening deformation of a 
penetrative character causing the contact to be offset on two complementary sets of 
strike-slip faults (one trending WNW., the other NNE.) and a plane of flattening 
of WSW. trend to develop. The abundant formation of shears, crush zones, phyllo- 
nites and mylonites (the latter with a dominant NNE. trend) is another effect of this 
period of deformation. The pegmatites exhibit a preference for the shear planes in 
order of prominence, while a substantial proportion of the remainder appears to 
follow cross-joints especially in the granodiorite. They have been emplaced then 
while tension across these joints was not completely relaxed but at the same time 
the shear planes of flattening were already being initiated. Mechanical lensing of the 
pegmatites indicates that the shearing continued after their emplacement. Aplites 
and leucocratic granodiorite dykes are concentrated on the stronger of the two shear 
planes (NNE. trend) and only one or two out of 40 can be claimed to have followed 
a cross-joint in the granodiorite. They also fail to give much evidence of having 
been transposed or mechanically lensed on the shear planes of flattening, so that they 
may well post-date the main phase of that deformation. 

The age relations of the Errols Spur Quartzitic Formation must remain some¬ 
what ill-defined. These low-grade metasediments do not appear to have been affected 
by either the pegmatitic-pneumatolytic action or by the flattening movements 
accompanying it. Their trends rather W. of N. would tend to class them as 
Ordovician and, in fact, Upper Ordovician graptolites have been reported from 
similar rocks some 3 m. to the SE. by Sherrard (1953). The deviation in trend 
between the Errols Spur Quartzites and the Geehi metamorphics, approaching 90° 
on Errols Spur, cannot be attributed to hinge-faulting as the average fold-axes in 
both systems are sub-horizontal. Moreover, the style of folding is totally different 
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so that a major unconformity must be postulated separating the two formations. 
Whether the younger formation is post- or pre-granitic-rock-emplacement is not 
established beyond doubt because subsequent faulting has probably lowered the 
original level of the Errols Spur Quartzites considerably. However, the lack of 
evidence for penetrative flattening in these rocks would class them as post-dating 
the emplacement of at least the Grey Mare Granodiorite. 

The latter consideration applies equally to the Verandah Creek Diorite and 
associated rocks, which have furthermore been shown to be devoid of pegmatites and 
greisens and to be intrusive into the Grey Mare Granodiorite of which it encloses 
numerous fragments with evidence of widespread hybridization of the diorite. The 
only aplite observed in this rock is very different from those in the Grey Mare 
Granodiorite and distinctly reddish in colour. Dykes of basalt and dolerite are 
abundant and so are the dip-slip faults, but the absence of felspar porphyries in the 
small portion of the diorite that was surveyed may be accidental. 

A regional swarm of intermediate and basic dykes constitutes the latest igneous 
feature of the area. Inclusion of the felspar porphyries in this group is based on their 
distinct preference for the two stronger sets of dip-slip faults, but until such dykes 
have been found in all formations containing ‘basalts’ and dolerites the possibility 
remains that the intermediate rocks are older than the Verandah Creek Diorite or 
the Errols Spur Quartzites. 

Predominantly normal faulting on three sets of faults of similar trends as the 
strike-slip faults and the plane of flattening took place almost contemporaneously 
with the emplacement of the basic dykes. These movements continued after emplace¬ 
ment as many ‘basalts’ are off-set, mechanically lensed and even dynamo-metamor¬ 
phosed. The most prominent set of these faults trend ENE., closely followed by a 
set of NNE. trend, while only a few dip-slip faults strike WNW. Even the Reads 
Flat Alluvials, the most recent formation in the area, appear to have been affected 
indirectly by movements of normal fault type. 
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Explanation of Figures 

Fig. 1.—Locality map. 

Fig. 2.— Pole-diagrams (*•) of major S-planes (bedding, cleavage, foliation), also showing the 
penetration points of major lineations (fold-axes, crenulations and flow lines). Schmidt- 
net. Lower hemisphere projection. 

A— 75 bedding-, schistosity- and cleavage-poles (SE. flank : O, NW. flank : • ) and 
14 penetration points of fold-axes and crenulations (X). B is the location of the mean 
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fold-axis normal to the great circle (ir) representing the girdle-maximum of S-plane 
poles. Geehi Metamorphic Complex. Some of the lineations are probably pre-folding. 

B. — 75 bedding- and cleavage-poles from the Errols Spur Quartzitic Formation. 
Girdle-maxima represented by fully-drawn great circles (*- and ir'). Axial planes dashed. 
B and B' = locations of fold axes. O = location of average fold-axis. Dotted great 
circle shows original position of bedding. Contours: 9-6-3-l% per 1 % area. 

C. — 50 foliation-poles and 15 penetration points of flow lines and other major linea¬ 
tions from the Grey Mare Granodiorite. Fully-drawn great circles represent the principal 
foliation trends. A major linear structure (L) is shown by the dotted great circle (ir) 
connecting the individual foliation-maxima. Main concentration of lineations is some¬ 
what to the SE. of this linear structure suggesting that these lineations are secondary. 
O = long axes of xenoliths; + = other lineations. Foliation-contours: 10-8-6-4-1% 
per 1% area. Lineation-contours: 31-22-6% per 1% area. 

D. — 13 foliation-poles and 9 penetration points of flow lines from the Verandah Creek 
Diorite. The main trend of foliations is shown by the great circle, the normal to which 
is O. Contained within this plane and normal to the girdle of foliation-poles is a linea- 
tion-maximum representing a primary linear flow structure: L. Foliation-poles: • ; 
lineations: +. Lineation-contours: 55-44-33-11% per 1 % area. 

E. —89 joint-poles from the Grey Mare Granodiorite. The great circle (ir) represents 
a girdle maximum more or less coinciding with that of the foliation-poles in Fig. 2C. 
Its normal (L) is situated some 20°N. of the main point-maximum of 6 %. These may 
be cross-joints to the linear structure of Fig. 2C. Small-circle concentrations around L 
are also present. Contours: 6-4-3-2-l% per 1% area. 

F. — 58 joint- and dyke-poles from the Verandah Creek Diorite. The foliation is shown 
as a full great circle, the lineation by its peneration point (L) and its corresponding 
great circle (ir). Joints are marked: • , basic dyke walls: X and quartz vein walls: O. 
Contours: 9-7-5-2% per 1% area. Note preference of basic dykes for Si (cf. Fig. 
4D). 

Fig. 3. — Pole-diagrams of fault-planes and penetration points of slip-striae on such planes in the 
area between Bogong Creek and the Geehi River, with particular reference to the Geehi 
Metamorphic Complex and the Grey Mare Granodiorite. Schmidt-net. Lower hemisphere 
projection. 

A. — 33 poles of strike-slip faults in the Geehi Metamorphic Complex and the Grey 
Mare Granodiorite. Fully-drawn great circles (Si, S 2 and S s ) are the fault-planes 
corresponding to the three main maxima which are connected by an incipient girdle. 
Si is not far from the plane of flattening or obtuse bisectrix of the complementary shear 
planes Sa and Sa (in order of prominence). Incorporation of some dip-slip faults has 
caused probably the slight northward deviation of Si. Contours: 10-6-3-0% per 
1 % area. 

B. — 98 poles of faults, shears, phyllonites, mylonites and crush-zones of undefined 
slip-direction. Si is the obtuse bisectrix of the angle between Ss and S 3 and corresponds 
to the plane of flattening on these complementary shear-planes. There are few or no 
dip-slip faults participating in this penetrative deformation, where Sa has the 9% 
maximum and Si comes second with a 6 % maximum. The three maxima are situated 
in a pronounced girdle. Contours: 9-6-3-0% per 1% area. 

C. — 75 poles of dip-slip faults measured throughout the area. Maxima correspond to 
paired fault-planes of opposite, steep dips but similar strike. There are three of these 
pairs corresponding in strike with Si, Sa and Sa of the strike-slip system. Fault planes 
of strike N80°E. and dip 65°W. are most frequent and their maximum is shown as a 
full circle; the others appear as dashed great circles. There is no sign of a girdle 
developing in the pattern. Contours: 7-5-4-3-l% per 1% area. 

D. —43 penetration points of slip-striae pitching less than 45° in the fault-plane. 
Maxima are situated on the strike of Si, Ss and Sa in order of prominence. Other 
maxima occur with plunges of 40° or more at the intersections of the stronger sets of 
paired planes of opposite dip and of strike similar to Si, 2,3 (shown as dashed great 
circles). Slip-directions of the dip-slip systems are probably incorporated even though 
none pitches more than 45° in the corresponding plane. Contours: 9-7-5-1% per 
1 % area. 

E. — 58 penetration points of slip-striae and displacement- directions pitching more 
than 45° in the fault-plane. Maxima are situated in the centre of the diagram and in the 
intersections of the stronger sets of paired fault-planes of opposite dip and of strike 
similar to Si. 2,3 (shown by full great circles). The main central maximum of 14% is 
situated in the intersection of Si, Sa and Sa (shown as full diameters) as averaged from 
previous diagrams. This direction could well represent an intersection-lineation of the 
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three fault systems. Two 11% maxima occur in the intersections of the NNW.' 
dipping system with the WNW.-dipping and with the ESE.- and NNE.-dipping 
systems respectively. The NNW.-dipping system is very much the dominant dip-slip 
fault, followed by the WNW.-dipping system. The relative movement of hanging walls 
is indicated by arrows and exhibits prevailing normal fault displacement. The three 
main river systems are also drawn in. Contours: 14-11-8-4-1% per 1% area. 

Fig. 4.—Pole-diagrams of joints, veins and dyke-walls throughout the area. Schmidt-net. Lower 
hemisphere projection. . 

A. —63 poles of pegmatite-walls from the Grey Mare Granodiorite. • = pegmatite 

from SE. flank; O = same from NW. flank. Contours: 8-6-2% per 1% area. 
Main concentration in Sa, the principal shear-plane, which is shown as a full diameter. 
Subordinate concentrations in S», and cross-joints (near centre). . 

B. —40 poles of aplite and leuco-granite dyke-walls from the Grey Mare Granodiorite. 
• z= dyke from SE. flank; O = dyke from NW. flank. Contours: 19-8-3% per 1% 
area. Main concentration in Ss, which is shown as a full diameter. 

C—18 poles of quartz vein-walls from the Grey Mare Granodiorite. • — vein from 
SE. flank; O = vein from NW. flank. Contour: 11-3% per 1% area. Concentrations 

D.—10 poles of ‘basalt’ and dolerite-dykes from the Grey Mare Granodiorite. Con¬ 
tours: 30-20-5% per 1% area. Main concentration on Ss, subordinate on b». 
Compare preference of basic dykes for Si and cross-joints in Fig. 2F. 

E —51 poles of porphyry dykes from the Grey Mare Granodiorite and the Geehi Meta- 
morphic Complex. • = from SE. flank; O = from NW. flank. Contours: 9-7-2% 
per 1% area. Main concentration on Si, subordinate on Ss. 

F. — Synoptic pole-diagram showing the principal maxima of Figs. 3A,B,C,D,E ('with 

corresponding S-planes) in the Grey Mare Granodiorite. Order of prominence: Sa.Ss.Si. 
The latter coincides with the dominant foliation plane. The subordinate foliation plane 
(cf. Fig. 2C) of the granodiorite has not been preferred by any of the statistically 
measured veins and dykes. . 

G. —17 poles of joints (•), 14 of pegmatite-veins (0), 8 of quartz-veins (X), 4 of 

dacite-dykes (#), and 2 of basalt-dykes ( + ) from the Geehi Metamorphic Complex. 
Contours: 9-6-1% per 1% area, ir-circle and location of fold-axis (B) are taken 
from Fig. 2A. Main concentrations on bedding-schistosity (dashed diameter near S 3 ) 
and on oc-joints. „ „ _ 

H. —16 poles of joints (•) and quartz-veins (O) from the Errols Spur Quartzitic 
Formation. Contour: 19-6% per 1% area, ir-circles and axial planes (dashed) taken 
from Fig. 2B. Main concentration in the ac-plane of the more strongly developed 
fold-arc with southerly plunge. 

Fig. 5.— Geological cross-sections of the Grey Mare Range. Section lines shown on map. Dips 
apparent. 

Explanation of Plates 

Plate I 

Fig. 1.—Incipient mechanical lensing in flattened beds of the Geehi Metamorphic Complex. 

Phyllite strongly sheared, quartzite (Q) lensed. Geehi River track near Ramages Creek. 

Fig. 2.—Gneissic banding (Si) in the Grey Mare Granodiorite, composed of pegmatite veinlets 
and dark granodiorite with black xenoliths of slightly tabular habit. Bogong Creek 
track. 

Plate II 

Fig. 1.—Rotated xenolith in the Grey Mare Granodiorite showing almost perpendicular relations 
of bedding and foliation. Pegmatite vein discordant to both. 

Fig. 2.—Same as PI. Ill, fig. 1 but on small scale. P = pegmatite. 

Plate III 

Fig. 1.—Mechanical lensing of pegmatite veins in flattened beds of the Geehi Metamorphic 
Complex. Geehi River track near Ramages Creek. 

Fig. 2.—Mechanical lensing and phyllonitization in the Grey Mare Granodiorite. Geehi River 
track near Drillers Creek. 

Fig. 3.—Folding in the Errols Spur Quartzitic Formation. Note variable plunge of fold-axis and 
sense of overfolding. Plunge away from observer in the left-hand portion and towards 
observer on the right. Bogong Creek track on Errols Spur. 
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FOSSIL POLLEN GRAINS OF NOTHOFAGUS FROM AUSTRALIA 

By Isabel C. Cookson 
Botany Department, University of Melbourne 
[Read 10 July 1958] 

Abstract 

Pollen grains belonging to ten Tertiary species of Nothofagus are described and illustrated. 

Introduction 

Following the first record of pollen grains of Nothofagus in Australian Tertiary 
deposits (Cookson 1945), ten forms were described from sediments in the south¬ 
eastern region of Australia (Cookson 1946). However, the forms then recognized 
were not given formal specific names but were distinguished by individual letters of 
the alphabet. 

As this type of nomenclature is not in accordance with the International Rules of 
Nomenclature, it is now proposed to give these forms specific names and to nominate 
a type specimen for each. To save unnecessary repetition, the reader is referred to 
the 1946 paper, cited above, for details not essential to the diagnoses given herein, 
as well as for additional illustrations and lists of occurrences. 

It is now well known that three morphological types of pollen groups occur 
among the living species of Nothofagus (Cookson and Pike 1955, p. 198), the 
menziesii and fusca types (Cranweli 1939) and the hrassi type (Cookson and Pike 
1955). All three types are represented in the Tertiary deposits of eastern Australia 
but in Western Australia only the brassi type has been observed as yet (Cookson 
1954). 

Descriptions of Australian Fossil Pollen Grains of 
Nothofagus 

A. The menseisii pollen type, characterized by large size, delicate exine and un¬ 
rimmed equatorial fissures. 

Nothofagus aspera sp. nov. 

(PI. IV, figs. 1, 2: holotype, fig. 1) 

Nothofagus sp. a Cookson 1946. Proc. Linn. Soc. N.S.W. 71: 53, PI. I, figs. 5-7; Fig. 2, Table 1. 

Diagnosis : Equatorial diameter 40-60/*, average 52/*, circular to slightly angular 
in polar view with, in unruptured grains, the position of the ‘fissure points’ faintly 
indicated around the equator. Usually the fissures, which are 6-9 in number, majority 
7, gape widely. 

The exine is less than 1/* thick and completely covered with small spinules which 
can be seen projecting beyond the surface in optical sections at a magnification of 
c. 600 diameters. 

Type Locality : Vegetable Creek (Emmaville), New South Wales. Melb. Univ. 
Geol. Dept. (M.U.G.D.) Specimen No. 890. 

Geological Range : Eocene to Pliocene. 
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Comments: N. aspera agrees closely with the pollen of the living species N- 
cunninghamii (Hook) Oerst. of Victoria and Tasmania, N. moorei (F. Muell.) 
Maiden of north-eastern New South Wales and south-eastern Queensland and 
N. mensiesii Oerst. of New Zealand. It approaches most closely the pollen of 
N. moorei as regards the distribution of the exinous spinules. 

B. The fusca type, characterized by medium size, biconvexity, and thickening of 
exine around the pore. The apertures, although ± colpoid, are referred to as 
pores on account of their rounded ends (Faegri and Iversen 1950). 

i. Nothofagus brachyspinulosa sp. nov. 

(PI. IV, fig. 4) 

Nothofagus sp. b Cookson 1946. Proc. Linn. Soc. N.S.W. 71: 53, PI. I, figs. 8-13; Fig. 3, Table 2, 
Diagnosis: Grain biconvex, typically circular in polar view, equatorial diameter 
22-40//., average 30/u.; pores 5-9, mainly 6 and 7, majority 7. Exine c. l'5/i thick be> 
tween the pores, 2-2 6^ at the pores. Spinules very short and moderately dense. 

Type Locality: Vegetable Creek (Emmaville), New South Wales. M.U.G.D. 
Specimen No. 890. 

Geological Range : Eocene to Lower Miocene. 

Comments: N. brachyspinulosa is a very rare species. 

2. Nothofagus cincta sp. nov. 

(PI. IV, fig. 3) 

Nothofagus sp. c Cookson 1946. Proc. Linn. Soc. N.S.W. 71: 55, PI. I, figs. 17, 18; Fig. 4 ; 
Table 3. 

Diagnosis: Grain large, circular to slightly angular in polar view, equatorial 
diameter 27-64//., average c. 40//.; pores 5-8, occasionally 4, mainly 6 and 7. Exine c. 
1/z thick, 3-4//. at the pores; spinules fine and short, generally inconspicuous so that 
the exine appears smooth in optical section under oil immersion. 

Type Locality: Vegetable Creek (Emmaville), New South Wales. M.U.G.D. 
Specimen No. 890. 

Geological Range : Eocene to Lower Miocene. 

C. The brassi type, characterized by small to medium size, usually angular amb and 
uniform thickness of the exine. 

i. Nothofagus emarcida sp. nov. 

(PI. IV, figs. 7, 8; holotype, fig. 7. Fig. 1) 

Nothofagus sp. c Cookson 1946. Proc. Linn. Soc. NS.W. 71: 56, PI. II, figs. 22-25; Fig. 6, 
Table 5. . ■ 

Diagnosis : Grain flattened with a strongly angular amb, sides straight to slightly 
concave, equatorial diameter 19-42//.; pores 4-7, mainly 5 and 6, majority 6. Exitie 
of uniform thickness, c. 1//, forming unthickened rims around the pores; spinules 
numerous, fine, usually less crowded towards the equator, just visible in optical 
section at a magnification of c. 650 diameters. 

Type Locality : Clay at base of Yallourn brown coal seam, Yallourn, Victoria. 
Geological Range : Eocene to Lower Miocene. 


FOSSIL POLLEN GRAINS OF NOTHOFAGUS FROM AUSTRALIA 27 

Comments: N. emarcida is one of the most widespread and most abundant of 
the fossil species. It was the likeness of this species to pollen of N. grandis Steen, 
from Aiyura, New Guinea, which led to the identification of the majority of the Aus¬ 
tralian Tertiary species with the section Bipartitae now represented only in New 
Guinea and New Caledonia (Cookson 1952). 

2 . Nothofagus falcata sp. nov. 

(PI. IV, fig. 14. Figs. 3, 4) 

Nothofagus sp. f Cookson 1946. Proc. Linn. Soc. NSW. 71: 57, PI. II, figs. 26-29; Fig. 7, 

Table 6. 

Diagnosis: Grain slightly biconvex with a prominent angular amb; equatorial 
diameter 26-47//, average c. 34//; pores 4-7, mainly 5 and 6 . Exine c. 2//, frequently 
embayed between the pores; spinules short, becoming smaller towards the equator 
of the grain, widely spaced (1 • 5-2//), visible in optical section at a magnification of 
c. 650 diameters. 

Type Locality: Brown coal, Altona,, Victoria. 

Geological Range : Eocene to Lower Miocene. 

Comments: N. jalcata can be distinguished from N. emarcida by the thicker 
exine, more widely spaced spinules and the frequent embayment of the exine between 
the pores. 

3 . Nothofagus hetera sp. nov. 

(PI. IV, figs. 9, 10; holotype, fig. 9. Fig. 2) 

Nothofagus sp. h Cookson 1946. Proc. Linn. Soc. NSW. 71: 58, PI. II, figs. 33-35; Fig. 9, 

Table 8. 

Diagnosis : Grain flattened, amb somewhat angular; equatorial diameter 27-48//,, 
average c. 35//; pores 6-9, mainly 7 and 8 , majorioy 7. Exine c. 1//, firm, forming 
narrow rims to the pores which are usually rather widely open. Spinules moderately 
fine and dense, just visible in optical section at magnification of c. 650 diameters, 
coarser and closer at the poles. 

Type Locality: Balcombe Bay, leaf beds, Victoria. 

Geological Range : Eocene to Lower Miocene. 

Comments : N . hetera can be distinguished from N. emarcida by the higher pore- 
number, the less angular amb and slightly coarser sculpture. 

4 . Nothofagus incrassata sp. nov. 

(PI. IV, fig. 13. Fig. 6 ) 

Nothofagus sp. t Cookson 1946. Proc. Linn. Soc. NSW. 71: 59, PI. II, figs. 36-38; Fig. 10. 

Diagnosis : Grain slightly biconvex, amb circular to slightly angular, equatorial 
diameter 27-48//, average 36//; pores 6-9, majority 7. Exine firm, c. 2//, forming 
rims of the same thickness around the pores, smooth in optical section at a magnifica¬ 
tion of c. 650 diameters, spinules short and moderately dense. 

Type Locality : Melrose, South Australia, South Australian Department of 
Mines Bore, 486-7 ft. 

Geological Range : Eocene. 


28 


ISABEL C. COOKSON: 



I /IOOO INCH 


Camera lucida drawings of fossil pollen grains of the brassi type in polar view. 

Fig. 1. —Nothofagus emarcida. Fig. 2. — N. hetera. Figs. 3-4. — N. falcata. Fig. 5 .—N. goniata. 
Fig. 6. — N. incrassata. Fig. 7. — N. deminuta. Fig. 8. — N. vansteenisi. 


5 . Nothofagus goniata sp. nov. 

(PI. IV, figs. 5, 6 ; holotype, fig. 5. Fig. 5) 

Nothofagus sp. g Cookson 1946. Proc. Linn. Soc. NS.W. 71: 58, PI. II, figs. 30-32; Fig. 8, 
Table 7. 

Diagnosis; Grain large, considerably flattened with a strongly angular amb; 
equatorial diameter 32-59/*, average 40-45/*; pores 4-7, majority 5 and 6 . Exine 
delicate c. 1/x; spinules rather widely spaced, 2-3/* apart, fine and sharp, readily 
visible in optical section at a magnification of c. 650 diameters. 
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Type Locality: Vegetable Creek, New South Wales. M.U.G.D. Specimen 
No. 189. 

Geological Range : Lower Tertiary. 

Comments: Since the earlier statement regarding the affinity of N. goniata still 
applies it is quoted here in toto. “On account of the delicate nature of the exine some 
difficulty was experienced in deciding whether the deep gaps, evident in every grain, 
represent fissures or widely open predetermined narrow-rimmed pore-slits related to 
functional pores. The latter view, adopted after careful examination of the Vegetable 
Creek form, has been confirmed by examples in preparations of lignite from Beenak. 
In these the exine is slightly thicker and the rims of the pore-slits more distinct”. 

The example of N. goniata shown in PI. IV, fig. 6 , confirms the present associa¬ 
tion with the bras si type rather than with the menziesii type which in some respects 
it resembles rather closely. In this example the pores, though closed, have a clearly 
defined border. 


6 . Nothofagus deminuta sp. nov. 

(PI. IV, fig. 12. Fig. 7) 

Nothofagus sp. d Cookson 1946. Proc. Linn. Soc. NS.W. 71 : 55, PI. I, figs. 19-21; Fig. 5, 
Table 4. 

Diagnosis : Grain with somewhat convex polar surfaces and a circular to slightly 
angular amb; equatorial diameter 18-35/a, average 26/a ; pores 5-8, mainly 6 and 7. 
Exine firm, of uniform thickness; spinules slender, c. 1/a long, rather closely arranged 
and slightly smaller towards the equator. 

Type Locality: Brown coal, Altona, Victoria. 

Geological Range : Eocene to Lower Miocene. 

Comments : In the original description of this species the exine was said to be 
thickened around the pores. A careful re-examination has shown that this is not the 
case and that N. deminuta is of the brassi and not the fusca type as previously 
suggested. It is one of the smallest of the Australian types and is readily distinguish¬ 
able by its ± circular outline, proportionately thick exine and relatively long spinules. 


7 . Nothofagus vansteenisi sp. nov. 

(PI. IV, fig. 11. Fig. 8 ) 

Nothofagus sp. j Cookson 1946. Proc. Linn. Soc. N.S.W. 71: 59, PI. II, figs. 39-45; Fig. 11. 

Diagnosis: Grain flattened with a strongly angular amb; equatorial diameter 
27-40/a, average c. 34/a; pores 5-9, majority 7, the frequencies of 6 - and 8 -pored 
specimens varying in preparations of different deposits. Exine firm, c. 1 • 5-2/a thick; 
spinules relatively coarse, larger at the poles where the basal diameter is up to 2-5/a. 

Type Locality: Brown coal, Altona, Victoria. 

Geological Range : Eocene to Lower Miocene. 

Comments: This species is named in honour of Professor C.G.G.J. van Steenis, 
whose interest in and work on the section Bipartitae of genus Nothofagus is well 
known. 

N. vansteenisi approaches most closely to N. deminuta but can be distinguished 
from this species by its larger size, more angular amb, and coarser sculpture. 
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Explanation of Plate IV 

Registered numbers in the palaeobotanical collection of the National Museum of Victoria are 
given. 

Figs. 1, 2.— Nothofagus aspera sp. nov., Vegetable Creek, N.S.W. Fig. 1, holotype. P17660. 

Fig. 2, paratype with open fissures. P17663. 

Fig. 3.— Nothofagus cincta sp. nov. Holotype, Vegetable Creek, N.S.W. P17662. 

Fig. 4.— Nothofagtis brachyspinulosa sp. nov. Holotype, Vegetable Creek, N.S.W. P17661. 
Figs. 5, 6.— Nothofagus goniata sp. nov., Vegetable Creek, N.S.W. Fig. 5, holotype. P17666. 
Fig. 6, paratype. P17667. 

Figs. 7, 8.— Nothofagus ctnarcida sp. nov., Yallourn, Victoria. Fig. 7, holotype. P17668. Fig. 8, 
paratype. P17669. 

Fig. 9.— Nothofagus hctcra sp. nov. Holotype, Balcombe Bay, Victoria, P17671. 

Fig. 10.— Nothofagus hctera sp. nov. Paratype, Brown coal, Moorlands, S.A. P17672. 

Fig. 11.— Nothofagus z’anstecnisi sp. nov. Holotype, Brown coal, Altona, Victoria. P17664. 

Fig. 12.— Nothofagus deminuto sp. nov. Holotype, Brown coal, Altona, Victoria. P17673. 

Fig. 13.— Nothofagus incrassata sp. nov. Holotype, Melrose Bore, S.A., 486-7 ft. P17674. 

Fig. 14.— Nothofagus falcata sp. nov. Holotype, Altona, Victoria. P17665. 
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MICROFLORAS IN BORE CORES FROM ALBERTON WEST, 

VICTORIA 

By Isabel C. Cookson and Mary E. Dettmann 
Botany Department, University of Melbourne 
[Read 10 July 1958] 

Abstract 

Lower Cretaceous, Paleocene to Lower Eocene and Eocene (post Pebble Point Formation) 
microfloras isolated from sediments in the lower portion of bores at Alberton West in south¬ 
eastern Victoria are described and compared with equivalent microfloras in south-western Victoria 
and south-eastern South Australia. 

A generalized quantitative analysis of the Paleocene to Lower Eocene microflora of the 
Alberton West cores and several deposits in south-western Victoria is included. 

Introduction 

In 1952, a series of bores was sunk in the Parish of Alberton West in south¬ 
eastern Victoria with the purpose of determining the extent of brown coal deposits 
in that area. Through the courtesy of Dr. D. E. Thomas, portions of the cores were 
later made available to us for palynological examination. 

None of the cores is complete since the Tertiary brown coals were not retained. 
Moreover some of the deeper deposits are devoid of microfossils. However, from 
the remainder of the samples evidence has been obtained of the existence of an 
Upper Mesozoic and two Lower Tertiary microfloras. On present knowledge these 
approximate fairly closely to microfloras already described from sediments in other 
parts of Victoria and South Australia (Cookson 1953, Cookson 1954, and Cookson 
and Dettmann 1958). 

Since many of the spores and pollen grains constituting these three microfloras 
have yet to be named and classified, none of the lists given is complete. Quantitative 
analyses of the Tertiary portions of the Alberton West deposits have been included 
wherever practicable. They were obtained from acetolysed residues mounted in 
glycerine jelly, care being taken to ensure that the contained spores and pollen grains 
were as evenly distributed as possible. Two hundred individuals in each of four 
slides per sample were counted and assigned to their particular group—Pterido- 
phyta (ferns and lycopods), Gymnospermae (conifers) and Dicotyledonae. From 
the resulting percentages the general composition of the flora of the period can be 
fairly accurately estimated in spite of the fact that wind-pollinated types are over 
represented and insect-pollinated species under represented in any fossil microflora. 

Microfloras of Alberton West Core Samples 

A. Bore 137 in SE. corner of Allotment 62A, Section A (Fig. 1). 

The core of this bore is one of the most complete of the series, and from it, eight 
samples (at 178, 174, 165, 136, 133, 127 and 118 ft.) have been examined. Among 
these, the sandy clay at 197 ft. and the sandy clays at 133, 127 and 119 ft., logged by 
the Victorian Department of Mines (Boring Records, 1951-1952, published 1955) 
as Jurassic, contain no microfossils. The other samples contain a relatively rich 
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Fig. 1. —Sections of three of the Alberton West Bores 
(prepared by the Victorian Department of Mines). 


assortment of pollen grains and spores which constitute two distinct microfloras, 
one preserved in grey clay at 178 and 174 ft., the other in the brownish clay pene¬ 
trated at 165 and 136 ft. 

1. Grey clay at 178 ft. (Vic. Geol. Surv. Mus. No. 54079) and at 174 ft. (Vic. 
Geol. Surv. Mus. No. 54078). The microflora present at this level consists mainly 
of pteridophyte spores and coniferous pollen grains. Angiosperm pollen grains were 
not detected. 

The pteridophyte spores include Ceratosporites equalis Cookson and Dettmann, 
Cicatricosisporites australicnsis (Cookson), Granulatisporites dailyi Cookson and 
Dettmann, Ischyosporites scaberis Cookson and Dettmann, Leptolepidites verrucatus 
Couper, Lycopodiiimsporites austroclavatidites (Cookson), Neoraistrickia truncatus 
(Cookson), Osmundacidites comamnensis (Cookson), Perotrilites striatus Cookson 
and Dettmann, and Pilosisporites notensis Cookson and Dettmann. 

Coniferous pollen grains recognized are Classopollis cf. C. torosus Reissinger, 
Microcachryidies antarcticus Cookson, Pityosporites grandis (Cookson), Podospor- 
ites micropterus (Cookson and Pike). 

2. Brownish clay at 165 ft. (Vic. Geol. Surv. Mus. No. 54077). This deposit 
has a high pollen and spore content, the approximate percentages of which are shown 
in Table 2. The following types have been recognized: 
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Bryophyta — Sphagnites australis f. parva Cookson. 

Pteridophyta — Lycopodiamsporites austroclavatidites, Gleichenia circinidites 
Cookson, Schisaea albertonensis Cookson. 

Coniferae — Dacrydimn mawsonii Cookson, D. mawsonii f. verrucatus Cookson, 
D. florinii Cookson and Pike, D. balmei Cookson, Microcachryidites antarc- 
ticus, Podosporites micropterus. 

Dicotyledonae — Nothofagus {brassi type), Triorites edwardsii Cookson and 
Pike, Tricolpites gillii Cookson, and several varieties of small triangular 
three-aperturate types. 

3. Brownish clay at 136 ft. (Vic. Geol. Surv. Mus. No. 54076). The microflora 
present at this depth is similar in composition to the one just described, the only 
appreciable difference being the relative proportions of the groups represented. At 
136 ft. the percentage of pteridophye spores has decreased from 33 % to 7% of the 
total spore and pollen types present, while coniferous types have increased from 55% 
to 73% and dicotyledonous pollen grains from 12% to 20%. 

Comments 

There is a marked difference between the pollen and spore content of the sedi¬ 
ments at 178 and 174 ft., and at 165 and 136 ft. This is taken to indicate a consider¬ 
able time-lapse between the two microfloras for the following reasons: 

(a) The microflora at 178 and 174 ft. is Upper Mesozoic in character. It has a 
distinct affinity with the microflora contained in the sediments intersected by the 
Comaum Bore, South Australia between 674 and 708 ft. and in those from the 
Barrabool Hills, Victoria, the age of which is Lower Cretaceous, ?Albian (Cookson 
and Dettmann 1958). The inclusion of Perotrilites striatus suggests that the Alber- 
ton West microflora is younger than the microflora of the Wonthaggi Coal Measures 
of eastern Victoria. Support for a Lower rather than an Upper Cretaceous age is 
afforded by the absence of dicotyledonous pollen grains which apparently made their 
first appearance in Australia during the lower part of the Upper Cretaceous. 

(b) The microflora contained in the deposits at 165 and 136 ft. is Lower 
Tertiary (Paleocene to Lower Eocene) in age. This age is indicated by the occur¬ 
rence of Dacrydium balmei, Triorites edwardsii and Tricolpites gillii, three species 
which together with several unnamed dicotyledonous types are components of the 
Paleocene to Lower Eocene microfloras in the Pebble Point Formation, Western 
Victoria, the deposit at Lai Lai near Ballarat (Vic. Dept, of Mines Bore 51, 425-34 
ft.) and the Benwerrin Brown Coal. 

This is the first record of a Paleocene to Lower Eocene microflora in eastern 
Victoria. 

B. Bore 159 in SE. corner of Allotment 62A, Section A (Fig. 1). 

Six samples (at 306, 290, 265, 250, 202 and 192 ft.) have been examined. The 
‘Jurassic’ sediments represented by the two samples taken at 306 ft. and 290 ft. con¬ 
tain no microfossils. The deposits represented by the other samples which contain 
Lower Cretaceous and Paleocene pollen and spore assemblages consist of (a) grey 
clay at 265 ft. which overlies unfossiliferous sediments logged as Jurassic (Fig. 1), 
and (b) the sample at 250 ft. (representative of the 17 ft. of ligneous sandy clay 
occupying the portion of the core between 248 and 265 ft.) and the samples at 202 
and 192 ft. (representing the ligneous sandy clay and grey sandy clay underlying 
the brown coal). 


34 ISABEL C. COOKSON AND MARY E. DETTMANN: 

1. Grey clay at 265 ft. (Vic. Geol. Surv. Mus. No. 54081). Spores and pollen 
grains are neither numerous nor well preserved at this level, but the Cretaceous 
character of the microflora is evident from the occurrence in it of Cicatricosisporites 
australiensis. This microflora bears a definite resemblance to the microflora present 
in the sediments at 178 and 174 ft. in Bore 137 and it is probable that its age is like¬ 
wise Lower Cretaceous (Table 1). The apparent absence of dicotyledonous pollen 
grains supports such a correlation. 

2. Ligneous sandy clay at 250 ft. (Vic. Geol. Surv. Mus. No. 54082). This 
deposit has a high carbonaceous content comprising spores, pollen grains, cuticular 
fragments and a dinoflagellate of the Deflandrea type. The microflora is Tertiary in 
character and Paleocene to Lower Eocene in type. 

Spores of ferns account for c. 14% of the total spore and pollen content (Table 
2). The majority are more or less smooth trilete types some of which strongly 
resemble spores of Australian species of Cyathea, a few smooth-walled monolete 
types have also been observed, Gleichenia circinidites occurs infrequently. 

The most striking feature of this deposit is the high content (c. 78%) of 
conifer pollen. This includes Araucariacites australis Cookson, several two-winged 
podocarp types, Microcachryidites antarcticus, Dacrycarpites australiensis Cookson 
and Pike, Dacrydium florinii, D. mawsonii, Podosporites micropterus. 

Pollen grains of dicotyledons are comparatively sparse (c. 8%). They include 
Triorites edwardsii, Nothofagus spp. ( brassi type), Tricolpites gillii. 

3. Ligneous sandy clay at 202 ft. (Vic. Geol. Surv. Mus. No. 54083). The 
carbonaceous content of this deposit is high and consists of cuticular and woody 
fragments and a relatively large number of spore and pollen grains. 

The microflora is essentially similar to that of the ligneous clay at 250 ft. but 
differs from it in the relative proportions of the several groups (see Table 2). At the 
higher level (202 ft.) dicotyledonous types are more abundant and more varied. 

Gymnosperm pollen types include Ephedra notensis Cookson, Araucariacites 
australis, Microcachryidites antarcticus, Dacrydium florinii, D. mawsonii, D. balmei 
and Podosporites micropterus. 

Dicotyledonous types include several undescribed species and Nothofagus (brassi 
type) and Tricolpites gillii. 

4. Grey clay at 192 ft. (Vic. Geol. Surv. Mus. No. 54084). There is consider¬ 
ably less carbonaceous material in this deposit than at 202 ft., the contained micro¬ 
flora shows no appreciable change in character. 

C. Bore 138 in SE. corner of Allotment 62A, Section A (Fig. 1). 

Seven samples taken (at 240, 218, 208, 203, 194, 188 and 179 ft.) have been 
examined. All occur below the level of the brown coal which occupies 114 ft. of the 
upper portion of the core (Fig. 1). 

1. Sandy clay logged as Jurassic at 240 ft. (Vic. Geol. Surv. Mus. No. 51314). 
No plant microfossils were recovered from this deposit. 

2. Coarse grey sandy clay at 218 ft. (Vic. Geol. Surv. Mus. No. 51312), black 
ligneous clay at 208 ft. (Vic. Geol. Surv. Mus. No. 51311) and brown clay at 203 ft. 
(Vic. Geol. Surv. Mus. No. 51310). 

The pollen and spore content of all these sediments is the same, only the relative 
proportions of cuticular to woody tissue varying in the individual deposits. The 
microflora is Paleocene to Lower Eocene in type, the approximate percentages of 
the groups represented in it are given in Table 2. 
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The spores and pollen grains recognized are: 

Bryophyta —Sphagnites australis f. parva. 

Pteridophyta —Gleichenia circinidites and a verrucate monolete form similar to 
the spores of living species of Phymatodes. 

Coniferae —Araucariacites australis, Dacrydium florinii, D. balmei, D. mawsonii, 
Microcachryiditcs cmtarcticus and Podosporites micropterus. 

Dicotyledonae —Nothofagus aspera Cookson, Nothofagus spp. (brassi type), 
Triorites edwardsii, Tricolpites gillii. 

The alga Botryococcus braunii Kiitzing and a dinoflagellate of the Deflandrea 
type occur sparsely, suggesting brackish water sedimentation. 

3. Grey sandy clay at 188 ft. (Vic. Geol. Surv. Mus. No. 51306). The car¬ 
bonaceous content of this portion of the core is considerably lower than that at 218, 
208 and 203 ft. and consists mainly of Nothofagus pollen. The dominance of Notho¬ 
fagus at this level is in striking contrast to its infrequent representation in the lower 
and apparently older sediments in the bore. This distinction in pollen content is 
further emphasized by the introduction of such modem dicotyledonous types as 
Anacolosidites lute aides Cookson and Pike, Banksieidites sp., Cupanieidites ortho- 
teichus Cookson and Pike, Santalumidites cainozoicus Cookson and Pike and 
Triorites harrisii Couper. 

The relative proportions of the various groups present are ferns c. 1%, conifers 
c. 15% and dicotyledons c. 84%. The following individual types have been identified: 

Gymnospermae —Dacrydium mawsonii, Microcachryiditcs antarcticus, Dacrycar- 
pites australicnsis, Podosporites micropterus. 

Dicotyledonae —Anacolosidites luteoides, Banksieidites sp., Nothofagus aspera, 
N. deminuta Cookson, N. emarcida Cookson, N. falcata Cookson, N. van- 
steenisi Cookson, Santalumidites cainozoicus, Tricolpites thomasii Cookson 
and Pike, Triorites harrisii, Triorites magnificus Cookson. 

4. Ligneous and grey sandy clay at 179 ft. (Vic. Geol. Surv. Mus. No. 51305). 
Apart from the appearance of a few new dicotyledonous genera, the microflora at this 
level is similar to that occurring at 188 ft.. Nothofagus pollen is still the most frequent 
but its proportion in relation to the total collective occurrence of the other dicotyle¬ 
donous types is lower. 

The percentage frequencies of the major groups present are: ferns 1%, conifers 
20%, dicotyledons 79% (Nothofagus 42%). The following types occur: 

Gymnospermae —Dacrycarpites australiensis, Dacrydium florinii, D. mawsonii, 
Podosporites micropterus. 

Dicotyledonae —Anacolosidites luteoides Banksieidites sp., B eaupreaidites 
elegansiformis Cookson, Casuarinidites cainozoicus Cookson and Pike, 
Myrtaceidites eugeniioides Cookson and Pike, M. mesonesus Cookson and 
Pike, Nothofagus aspera, N. cincta Cookson, N. emarcida, N. falcata, N. 
incrassata Cookson, Proteacidites crassus Cookson, Tricolpites thomasii, 
Triorites magnificus. 

Comments 

Since the lowest sample, at 240 ft., logged as Jurassic contains no microfossils it 
cannot be correlated, on this basis, with the Lower Cretaceous portions of Bores 
137 and 159. 

The deposit at 218 ft. in Bore 138 is clearly of Tertiary age and, since it contains 
Triorites edwardsii and Tricolpites gillii, can be correlated with the Paleocene to 
Lower Eocene deposits in the Alberton West Bores 137 and 159 (Table 1) and with 
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sediments in Western Victoria, such as the Pebble Point Formation, the Eastern 
View Coal Measures, the Benwerrin Coal, and those in the Birregurra Bore between 
1,006 and 1,020 ft. and the Nelson Bore between 3,650 and 4,025 ft. 

The microflora at 188 ft. has a distinctly younger aspect because it includes 
several dicotyledonous pollen types comparable with those of living genera. Most of 
these are present in Australian post Paleocene to Lower Eocene beds. 

The occurrence at this level of Anacolosidites luteoides, Triorites magnificus and 
Tricolpites thomasii, which elsewhere appear to be restricted to Eocene beds (post 
Pebble Point Formation (Baker 1953)), suggests a similar age for the Alberton 
West deposit at 188 ft. in Bore 138. 

Triorites magni ficus has been recorded from the brown coal at Moorlands, the 
coaly deposit of the Canopus Bore between 925 and 860 ft. and at Noarlunga in 
South Australia, and from the Birregurra Bore between 925 and 760 ft. and Darri- 
man (Frome-Broken Hill Ltd.) Bore No. 1 at 1,942 to 1,941 ft. in Victoria. 

Tricolpites thomasii occurs in the Canopus Bore, South Australia, between 925 
and 860 ft., in the Birregurra Bore No. 1 at 843 to 842 ft. and at Castle Cove in 
Victoria, and in the Vegetable Creek deposits in New South Wales. 

Anacolosidites luteoides has been recorded from the deposit in the Canopus Bore, 
South Australia, between 910 and 900 ft., the Birregurra Bore, Victoria, between 
898 and 760 ft., the carbonaceous sandstones at Anglesea, Victoria, and from the 
Dilwyn Clay, Victoria. 

The mircroflora of which the above-mentioned species are components are more 
or less comparable with ‘Microflora C as originally described from the Birregurra 
Bore (Cookson 1954). However, the index species of ‘Microflora C’ Proteacidites 
pachypolus Cookson and Pike has not been observed in any of the comparable 
deposits at Alberton West. 

D. Bore 158 from SE. corner of Allotment 62A, Section A. 

Only samples from 212, 182 and 174 ft. have yielded spores and pollen grains in 
sufficient numbers for consideration. 

1. From the sandstone at 212 ft. (Vic. Geol. Surv. Mus. No. 54088) a few 
examples of Cicatricosisporites australiensis have been observed. This indicates a 
Cretaceous rather than the Jurassic age cited in the bore log. 

2. The ligneous clays at 192 ft. (Vic. Geol. Surv. Mus. No. 54086) and at 
174 ft. (Vic. Geol. Surv. Mus. No. 54085) contain a microflora similar to the one 
occurring at 188 ft. in Bore 138 in which Nothofagus pollen predominates (Table 1). 
This microflora is younger in type than that of the Paleocene to Lower Eocene 
deposits of Alberton West and Western Victoria and its occurrence in beds at the 
same stratigraphical position (beneath the brown coal) in Bore 158 at 192 ft., and 
Bore 138 at 188 ft. suggests that both deposits are of approximately the same age, 
i.e. Eocene (post Pebble Point Formation). 

E. Bore 135 from SE. corner of Allotment 62A, Section A. 

Samples from 237, 229, 215, 193, 174 and 153 ft. have been examined. 

1. The mudstone between 237 (Vic. Geol. Surv. Mus. No. 54072) and 215 ft. 
(Vic. Geol. Surv. Mus. No 54070) logged as Jurassic contains a Lower Cretaceous 
microflora approaching that at 178 and 174 ft. in Bore 137, at 212 ft. in Bore 158 
and at 265 ft. in Bore 159 (Table 1). 

2. The brownish clay between 193 ft. (Vic. Geol. Surv. Mus. No. 54069) and 
174 ft. (Vic. Geol. Surv. Mus. No. 54068) contains a microflora which, in the 
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occurrence of Triorites edzvardsii, is comparable with that found in the Paleocene to 
Lower Eocene sediments at 165 and 136 ft. in Bore 137, at 225 ft. in Bore 157 and 
at 203 and 218 ft. in Bore 138 (Table 1). 


Table 1 

Stratigraphical correlations between the sediments in some Alberton West Bores 


Age 

Bore 137 
ft. 

Bore 159 
ft. 

Bore 138 
ft. 

Bore 158 
ft. 

Bore 135 
ft. 

Eocene (post 



179 

174 


Pebble Point 






Formation) 



188 

192 


Paleocene— 

136 

192 

203 


174 

Lower Eocene 

165 

202 

208 


193 



250 

218 


Lower 

174 

265 


212 

215 

Cretaceous 

178 



237 


Quantitative Composition of some Victorian Paleocene to 
Lower Eocene Microfloras 

Quantitative analyses of early Tertiary microflora containing Triorites edwardsii 
from Alberton West compare closely with similar microfloras from carbonaceous 
deposits at Coal Mine Creek near Eastern View, Lai Lai near Ballarat (Victorian 
Department of Mines Bore 51 at 425-435 ft.), Pebble Point near Princetown and 
Benwerrin. 


Table 2 

Percentage composition of the microflora present in Early Tertiary deposits at Alberton West 
and in Paleocene—Lower Eocene deposits of Western Victoria 


Plant Groups 

Eastern Victoria 

Western Victoria 

Alberton West 

Coal Mine Creek 

Lai Lai 

Pebble Point 

Benwerrin 

Bore 138 

Bore 137 

Bore 159 

179' 

188' 

203' 

208' 

218' 

136' 

165' 

192' 
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Pteridophyta 
and Bryophyta .. 
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10 

9 

7 

33 

3 

15 

6 

29 

11 

11 

Gymnospermae 

(Coniferae) 

21 

16 

77 

80 

77 

73 

56 

80 

78 

76 

48 

50 

25 

Dicotyledonae 

(excluding 

Nothofagus) 

36 

14 

13 

9 

12 

18 

12 

15 

7 

15 

20 

37 

64 

Nothofagus 

42 

70 

3 

1 

2 

2 

— 

2 

— 

3 

3 

2 
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Eocene Paleocene—Lower Eocene 

(Post Pebble 
Point Formation) 
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These analyses reveal that coniferous pollen grains greatly outnumber those of 
other groups (Table 2) in the Coal Mine Creek, Lai Lai and Alberton West 
deposits. This high frequency suggests that similar plant communities, probably of 
coniferous type with ferns and dicotyledonous species as secondary components, 
existed in these areas. 

The predominance of dicotyledonous pollen grains and the relatively low content 
of coniferous pollen in the Benwerrin coal indicate a different type of plant 
community. 

Two possible reasons for this variance are suggested, namely— 

(1) the flora of the Benwerrin coal may have been somewhat younger than 
that represented in the Alberton West, Eastern View and Lai Lai deposits when a 
greater number and variety of dicotyledonous forms would be expected; (2) it may 
have existed approximately contemporaneously with the floras represented in the 
other deposits but under different ecological conditions. 
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REVISION OF THE GENUS CYCLOCHILA AMYOT & SERVILLE 
(Hemiptera-Homoptera, Cicadidae, Cicadinae) 

By A. N. Burns, M.Sc., F.R.E.S. 

[Read 10 July 1958] 

Abstract 

The Australian genus Cyclochila is represented by two species only, one of which, C. virens, 
appears to be confined to North Queensland, the other, C. australasiae, is a very common and 
variable species which ranges from southern Queensland to Victoria and South Australia. It is 
probably the best known Cicada in Victoria and is very common around Sydney where it is 
known as the ‘Green Monday’. 

Introduction 

These insects inhabit trees of many kinds. C. australasiae normally is found in 
Eucalyptus trees and rarely less than 6 ft. from the ground. In city and suburban 
gardens it may be found on almost any species of cultivated tree. In forest country, 
certain zones or local areas are favoured. Often, when passing along a country road, 
the shrilling of these insects is almost deafening. Then, travelling on, one suddenly 
runs out of the sound area and a considerable distance may be covered before another 
area of the so-called song is encountered. This in itself is not actual proof that this 
Cicada occurs in zones, because the periods of song vary from a few minutes to an 
hour or more, and one may pass through areas where the cicadas occur but are not 
singing. Observations show that certain patches of forest are favoured and not 
others. Hot sunny days are most favourable to these insects, and often at dusk on 
warm evenings they may be heard in the trees. The life cycle of C. australasiae is 
believed to occupy a period of seven years. This is assumed by the occurrence every 
seven years of much greater populations of these insects. The eggs are deposited in 
furrows in rows on the bark of trees, the young nymphs on emergence fall to the 
ground and burrow into the soil where they commence feeding on the sap of roots. 
During their nymphal existence they undergo a series of moults until they emerge 
from the ground in the pre-adult stage, usually in the early hours of the morning. 
They crawl up the trunks of trees, the nymphal skin splitting down the back and 
releasing the adult. Nymphs in various stages of development are often dug up in the 
bush or in gardens, and they may be found at depths of 3 ft. or even more. C. austra¬ 
lasiae occurs normally from late October until the end of January. C. virens is 
apparently a local species which inhabits tall trees in rain-forest. Its song is similar 
to, but slightly louder than, that of C. australasiae and, as far as the writer has 
observed, this cicada never occurs in vast numbers like C. australasiae. Nothing is 
known of its life history stages, but the adults have been recorded from September 
at least until November. 

Summary of External Morphology 

General : Large insects with stout bodies, length slightly more than twice the 
width, green in colour (C. virens ) ; green, yellow, or yellow and black (C. austra¬ 
lasiae). Wings clear vitreous, tympani (males) visible dorsally between hollow of 
anterior margin of first abdominal segment and metanotum. 
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Head: Smooth, width slightly more than twice the length, tri-lobed, the median 
lobe being the largest, ocelli close together and almost equidistant, frons strongly 
convex, not grooved longitudinally in front. Transverse ridges and interstital 
grooves fairly well defined, rostrum extending as far as the posterior coxae. 

Thorax: Pronotum, width times its length, smooth, three sulci on either 
side of median, hind margin well developed. Mesonotum smooth, cruciform elevation 
not large, weakly developed, metanotum barely visible. Femora of anterior legs 
fairly strongly developed, carinate anteriorly and bearing two large and one very 
small spines. Posterior tibiae with 5 (C. virens) or 6 (C. australasiae ) spines. Wings 
clear vitreous, length of anterior 1-J times body length, width ^ of its length; length 
of posterior wings greater than times their width. 

Abdomen : Smooth, with fine silvery pubescence along the posterior margins of 
segments dorsally, operculae almost reaching posterior margin of second abdominal 
segment. 

Measurements of each species are given with the descriptions. All the available 
specimens of C. virens were measured. Of C. australasiae, being a very common 
species, measurements were taken from 36 males and 21 females selected from long 
series. Full label data are included for C. virens only. Specimens examined of C. aus¬ 
tralasiae covered Queensland, New South Wales and Victoria. 

Key to the Species of the Genus Cyclochila 

1. Wings clear vitreous, ocelli close together, bordered with black, tarsi and anterior tibiae 

brown. 2 

2. (1) Ocelli light red vitreous, area between costal and median veins of anterior wings green, 

not wide; external margins of operculae straight; posterior tibiae normally with six 

spines. australasiae 

Area between costal and median veins green, wide, external margins of operculae slightly 
concave at the middle. 3 

3. (1) Ocelli dark golden or pale orange vitreous, posterior tibiae normally with five 

spines. virens 


Cyclochila australasiae (Donovan) 

Tettigonia australasiae Donovan, 1805. Ins. New. Holl., Hemip. PI. X, fig. 1. 

Cicada olivacea Germar, 1830, in Thon. Ent. Arch. 2:2, PI. I, fig. 1. 

Cicada olivacea Germar, 1834, in Silb. Rev. Ent. 2:57. 

Cicada olivacea Burmeister, 1839. Hayvdb. Ent. (2) :182. 

Cyclochila australasiae Amyot & Serville, 1843. Hist. Hemip. :470. 

Cycolchila australasiae McCoy, 1880. Prodr. Zool. Viet, decad. 5:57, PI. I, fig. 1. 

Cyclochila australasiae Lucas, 1887. Proc. Roy. Soc. Viet. 23:173-178, PI. I. 

Cyclochila australasiae Froggatt, 1903. Agric. Gas. N.S.IV. 14:337, Figs. 1-8. 

Cyclochila australasiae Goding and Froggatt, 1904. Proc. Linn. Soc. N.S.W. 29:569. 
Cyclochila australasiae var. sPreta Goding and Froggatt, 1904. Proc. Linn. Soc. N.S.IV. 29:570. 
(syn. nov.). 

Cyclochila australasiae Distant, 1906. Syn. Cat. Horn. 1:28. 

Cyclochila australasiae Froggatt, 1907. Australian Insects :349. 

Cyclochila australasiae Ashton, 1912. Mem. Nat. Mus. Viet. (4) :23. 

Cyclochila australasiae var. spreta Ashton, 1912. ibid. 

Cyclochila australasiae Ashton, 1914. Trans. Roy. Soc. S. Aust. 38:346. 

Cyclochila australasiae var. spreta Ashton, 1914. ibid. 

Cyclochila australasiae Ashton, 1921. Proc. Roy. Soc. Viet. 33:92. 

Cyclochila australasiae var. spreta Ashton, 1921. ibid. 

Cyclochila australasiae Tillyard, 1926. Insects of Australia and New Zealand :162, Fig. Q9. 
Cyclochila australasiae McKeown, 1942. Australian Insects :98, Figs. 95 and 97. 

A very common and widely distributed species in coastal south-eastern Australia, 
particularly in Victoria and New South Wales as far north as Newcastle. It ranges 






REVISION OF THE GENUS CYCLOCHILA AMYOT & SERVILLE 41 

a little farther north than Brisbane, and in its northern limits is more abundant in 
eucalyptus forest at 1,000-2,000 ft. than at sea level. The variety spreta named by 
Goding and Froggatt (1904) is only a colour variety in which the abdomen is black 
dorsally, the head has a black transverse band extending between the eyes and 
enclosing the ocelli, the pronotum a median longitudinal black marking extending 
posteriorly as far as the transverse sulcus, and the mesonotum a median longitudional 
black marking with a small triangular black marking on either side near the anterior 
margin. Various intergrades between the normal form and spreta are to be taken 
together, as also an all-yellow colour variety. There are no structural differences. 
The writer has collected typical C. australasiae, spreta, and intergrades from the 
same trees on the same day (Beaconsfield, Victoria, 30.10.1932). 

Average Body Length : Male 43 5 mm., female 44 2 mm. Maxima of specimens 
examined—males 50 mm., females 50 mm.; minima—males 37 mm., females 38 mm. 

Head: Green, f width of pronotum, a median sulcus from anterior ocellus to 
pronotum, another, weakly developed, on each side beyond the ocelli. Margin of 
vertex of frons darker green, finely striate. Ocelli, garnet vitreous, margined with 
black, anterior directed forwards and in line with fore-margin of eyes; each lateral 
directed towards eyes, distance between two posterior not twice that between anterior 
and each posterior. Antennae, dark brownish-black, basal joint lighter in colour. 
Frons (Fig. 7) uniformly green, supra-antennal plate green, transverse ridges 
and lines green, uppermost 4 or 5 lined brownish and very shallow or not even 
apparent as ridges, 14 in number of which 11 are clearly defined, interstitial grooves 
shallow, especially the uppermost 4 or 5. Clypeus, green, lateral margins and apical 
area lightly invested with whitish pubescence, sides with a slightly concave area, 
medially and longitudinally keeled, about half the length of frons. Labrum, pale 
yellowish or greenish-brown, grooved longitudinally, sides planate. Labium, yellowish 
or greenish-brown, sharply grooved longitudinally, apex dark brown or blackish- 
brown. Genae, green, outer margins faintly carinate. Eyes, green with brownish or 
pinkish-brown opalescence. 

Thorax : Width 20 mm., green, pronotum with two short deep sulci on either 
side of midline, a third transverse sulcus extending almost as far as the posterior 
angle of each eye where it curves forwards and forks. Posterior portion of pronotum 
finely and closely striate transversely. Exterior margin pale yellowish-brown, pos¬ 
terior margin almost horizontal, exterior angles obtuse. Mesonbtum green, a small 
triangular yellowish or greenish-brown marking on either side of midline anteriorly, 
lateral margins faintly darker green, narrowly invested with whitish pubescence! 
Cruciform elevation green, not very strongly developed, its anterior ridges sometimes 
pale yellowish-brown. Metanotum yellowish or greenish-brown, mostly obscured by 
posterior margin of cruciform elevation. 

Wings: Anterior, male, average length 51 8 mm., width 171 mm.; female, 
length 53 9 mm., width 17 7 mm. Clear vitreous, veins green, area between costal 
and radial, green, much narrower than in C. virens, cell at base of wings between 
R and Cu2 green. Posterior, male, average length 32 0 mm., width 15 3 mm.; female, 
length 33 1 mm., width 16 2 mm. Clear vitreous, veins green, anal cell green. 

Legs: Mainly green, moderately clothed with fine short silvery pubescence 
Anterior pair with tibiae and tarsi pale brown or yellowish-brown, middle and 
posterior pairs with distal portion of tibiae and tarsi pale brown; all terminal claws 
brown widely tipped shining black. Anterior femora (Fig. 6) with two large brown- 
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igs. 1-4.— Cyclochila virens— ( 1 ) posterior tibia, ( 2 ) frons, ( 3 ) operculum, (A) anterior femur. 
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tipped teeth of about equal size and directed slightly upwards, a third very small 
tooth (in some specimens almost reduced to a tubercle) just beyond the base of the 
second near the junction with the tibia. Posterior tibiae (Fig. 5) with four brown- 
tipped spines along the inner side, the first before half-way, second just beyond, 
other two in distal quarter; outer side with two similar spines, first at half-way, 
second just anterior to fourth of the inner row. 

Abdomen : Green, anterior margin (males only) carinate, slightly recurved, open 
and hollowed on each side of median exposing the tympani which are greyish-white. 
Operculae (Fig. 8) green, margins very narrowly pale yellowish or yellowish-brown, 
slightly recurved, interior margins overlapping to half-way or almost so, terminal 
angles rounded, exterior margins straight, underside of abdomen green. 

Type:?. Type of C. australasiae var. spreta, Macleay Museum, Sydney. 

Cyclochila virens Distant 
Cyclochila virens Distant, 1906. Entomologist 39:148. 

Cyclochila laticosta Ashton, 1912. Proc. Roy. Soc. Viet. 24:221, PI. XLIX, figs, la b 
Cyclochila virens Distant, 1912. Proc. Linn. Soc. N.S.W. 37:600. 

Cyclochila virens Distant, 1912. Gen. Ins. 142:22. 

Cyclochila virens Ashton, 1914. Trans. Roy. Soc. S. Aust. 38:346. 

Cyclochila virens Ashton, 1921. Proc. Roy. Soc. Viet. 33:92. 

The few specimens of this apparently rather rare species that I have studied have 
all been taken in a small rain-forest area at Kuranda and Lake Barrine near Cairns, 
North Queensland. It is found at 1,000 ft. and over from September to December. 

Average Body Length : Male 42 mm., female 43 3 mm.; maximum 45 0 mm., 
minimum 42 mm. 

Head : Green, £ width of pronotum; a median sulcus from anterior ocellus to 
anterior margin of pronotum, another from this margin on each side of ocelli where 
it then forks, one fork running to the posterior margin of the frons, the other 
outwards to the exterior margin midway between eyes and frons. Margin of vertex 
of frons slightly darker in colour and very finely striate longitudinallv. Ocelli, orange- 
pink vitreous, margined with black; anterior directed forwards and in line with 
fore-margin of eyes, each lateral directed towards eyes; distance between two pos¬ 
terior considerably greater than between anterior and each posterior. Antennae 
reddish-brown. Frons (Fig. 2) green, lateral margins narrowly yellowish-green, 
darkening slightly and gradually from clypeus towards vertex; supra-antennal plate 
prominent, edges reddish-brown; transverse ridges and lines 14 in number, the 
uppermost 3 or 4 lined brownish and very weakly developed giving the appearance 
of brownish concentric lines; others green, 11 clearly defined, interstitial grooves 
green. Clypeus green with lateral margins broadly yellowish-green, invested sparsely 
with very fine silvery pubescence; about half length of frons. Labrum pale yellowish- 
brown, shallowly grooved longitudinally on either side near anterior margin. Labium 
pale yellowish-brown, apex blackish-brown. Genae green, outer margins strongly 
carinate. Eyes green with reddish-brown opalescence, a few fine silvery hairs near 
orbits beneath. 

Thorax : Width 19 mm, green, pronotum with two short sulci on either side 
of midline, a third commencing at posterior angle of each eye, extending posteriorly 
to two-thirds then curving inwards and running transversely to median where it 
meets its opposite. Posterior portion of pronotum finely and closely striate trans¬ 
versely. Exterior margins yellowish-brown, posterior margin almost transverse, 
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exterior angles obtuse. Mesonotum green, a faint orange-yellow linear marking on 
either side of midline anteriorly, lateral areas dusted with fine silvery pubescence, 
exterior margin slightly darker green, carinate. Cruciform elevation green, not 
strongly developed. Metanotum green, median portion obscured by cruciform 
elevation. 

Wings: Anterior, male, length 590 mm., width 19 0 mm.; female, average 
length 59 3 mm., width 19 6 mm. Clear vitreous, veins green, area between costal 
and R green, wide, cell at base of wings between R and Cu2 green. Posterior, male, 
length 35 0 mm., width 19 0 mm.; female, average length 37-0 mm., width 12 3 mm. 
Clear vitreous, veins green, anal cell green. 

Legs : Mainly green, and invested sparsely with fine silvery pubescence. Anterior 
pair with tibiae and tarsi brown, middle and posterior pairs with tarsi brown. An¬ 
terior femora (Fig- 4) bearing two black-tipped teeth, proximal smaller and finer 
than distal, directed upwards; distal stouter and directed outwards and slightly 
upwards. Posterior tibiae (Fig. 1) with three brown-tipped spines along the inner 
side, the first at half-way, others almost equidistant from one another. Outer side 
with one similar spine near distal and just anterior to third spine of inner row. 

Abdomen : Green, anterior margin (male only) of first segment carinate, slightly 
recurved, opened and hollowed on each side near median exposing the tympani which 
are translucent greyish-white with reddish-brown markings. Operculae (Fig. 3) 
green with margins narrowly yellowish-brown, recurved, interior margins over¬ 
lapping at base, terminal angles acutely rounded, exterior margin gradually and 
slightly indented at median. Underside of abdomen green. 

Type : British Museum. 

Label Data : South Australian Museum: 1 8 1 9 , Kuranda, N. Queensland, 
no date, F. P. Dodd. Author’s Collection: 1 9, Kuranda, N. Queensland, 
28.9.1952, G. Brooks; 1 9 , Lake Barrine, N. Queensland, 3.11.1935, A. N. 
Burns. 
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Explanation of Plate V 

Fig. 1. —Cyclochila virens Distant 6. 

Fig. 2. —Cyclochila australasiae (Donovan) d\ normal green form. 

Fig. 3. —Cyclochila australasiae (Donovan) J, yellow form. 

Fig. 4.— Cyclochila australasiae var. spreta Goding and Froggatt (syn. nov.) o. 
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A NOTE ON THE MURRAY BLACK COLLECTION OF 
AUSTRALIAN ABORIGINAL SKELETONS 

By S. Sunderland and L. J. Ray 
Department of Anatomy and Histology, University of Melbourne 
[Read 12 September 1957] 

Introduction 

George Murray Black, a graduate in Engineering of the University of Melbourne 
and a pastoralist in South Gippsland for the past quarter century, has taken a 
keen interest in the excavation and collection of aboriginal remains. This natural 
interest had been encouraged by the late Sir Colin McKenzie and Murray Black had 
collected many skulls and other bones which are now housed in the Institute of 
Anatomy at Canberra. After McKenzie’s death, Murray Black severed his con¬ 
nection with Canberra but, with undiminished enthusiasm for field work, carried on 
his activities for the University of Melbourne. It is due, almost entirely, to his 
generosity, care and patience that the Anatomy Department in the University of 
Melbourne now possesses a collection of aboriginal skeletal material which ranks 
amongst the best in the world. Not only was Murray Black responsible for the field 
work as such, but he cheerfuly undertook the financial responsibilty and it is to him 
that the University and the science of physical anthropology are greatly indebted. 

This collection was obtained from burial sites in the Murray River basin extend¬ 
ing from just east of Renmark to just east of Swan Hill. Therefore, it will be 
appreciated that these remains were obtained from a very restricted area in relation 
to the continent of Australia (Figs. 1 and 2). The greatest single feature about the 
collection, however, is that the remains were retained as skeletons so that, by re¬ 
ference to the structure of the pelvis, the sex could be accurately determined. It is this 
feature which places the Murray Black Collection apart from most others and greatly 
increases its value to the physical anthropologist. 

This collection was made with the objective of accumulating sufficient skeletal 
material to be of value in osteometric studies. Most of the field work was carried 
out intermittently over the war years and there was, regrettably, neither the time 
nor the opportunity for the field parties to acquire any evidence as to the antiquity 
of the remains. This material is now the basis of a detailed study of the metrical and 
non-metrical features of the skeleton of the Australian Aboriginal. 

Method of Collection 

The method of collection was relatively simple. The field party prospected for 
burial grounds after obtaining as much information as possible from local settlers. 
Excavation was nearly always carried out in sand hills and the depth rarely exceeded 
6 ft. Any unusual features were noted but no attempt was made to geologically date 
the graves. The excavated material was carefully catalogued, but not all the material 
recovered was returned to Melbourne because a large proportion of it was not suit¬ 
able for measurement. No material was discarded, however, until it had been checked 
by members of the staff of the Anatomy Department. 
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Fig. 1.— The shaded area indicates the restricted locality in the SE. of Australia. 

When the material was returned to Melbourne, it was checked, washed, cata¬ 
logued, and the bones numbered. As a result there are representatives of 804 skele¬ 
tons, included in which are over 500 skulls of which 252 and 154 are known to be 
male and female respectively. The remaining skulls are catalogued as unsexed 
because no accurate reference to the pelvis could be made. 

Localities 

Although numerous burial grounds were uncovered in the period from 1943 to 
1950, it is convenient for purposes of a brief description of the grave sites to group 
these into areas. 

Chowilla Area 

Numerous burial sites were uncovered in this area. The soil was sandy in most 
instances, but in two sites, located in a lake bank, it varied from heavy to clay. The 
skeletons were located at depths of 3-4 ft. In any one burial site there was consider¬ 
able constancy in the alignment of the remains. However, over different sites this 
would vary from N.-S. with heads to the N., or E.-W. with the heads either E. or W. 
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Most graves showed evidence of burning, ranging from the presence of ashes 
and charcoal in the graves to considerable charring of the bones. There was no 
definite evidence of any covering to the remains. 

In three areas numerous skulls were found in which there was extensive frac¬ 
turing over the temporal region (PI. VI, fig. 1). In at least one of these areas the 
fracturing involved the under side of the skull. 

Numerous pieces of kopi were found in the vicinity of these graves together with 
miscellaneous flints and scrapers. 

Rufus River—Lake Victoria Area 

In this area many burial sites were investigated in sandy soil which varied in 
colour rather than in consistency. The depth of these burials ranged from 3-6 ft. In 
most of these sites the majority were lying in a N.-S. direction with the heads to the 
N.; in others the remains were lying in an E.-W. direction. In two graves there was 
evidence of burning. In only two graves was there evidence that bark coverings had 
been used. There were some old scars on trees adjacent to one grave, but whether 
this was associated with the burial site or merely coincidental could not be determined. 

Some bone awls and shell remnants were found in the vicinity of two graves. 

Euston—Lake Benanee Area 

Nine burial grounds were excavated in this area, all of them being in sand or a 
sandy loam type of soil, and the remains were lying 3-5 ft. from the surface. 

There did not appear to be any general rule governing the position of the body 
throughout the area, but in each burial ground there was some measure of con¬ 
stancy. The remains were lying mostly N.-S., but in some grounds they were lying 
E.-W., while in others there were further variations. The method of ‘laying-out’ the 



48 S. SUNDERLAND AND L. J. RAY: 

remains varied although most were stretched out on the back. In this area evidence 
of attempts to burn the remains was common. In some instances the bones were 
extensively charred, and in many graves there was considerable charcoal and ash 
below the skeleton as well as on top of it. Evidence of a bark covering over the 
remains was present in only three sites. 

Poon-Boon Area 

In this area there was no constancy as to the direction of burial. In some graves 
the remains were all aligned in the same way, but this did not always apply. Mostly 
the remains were fully extended, but some were fully flexed or ‘doubled up’. 

Nacurrie—Coobool Area 

The remains were lying either in an E.-W. or in a N.-S. direction in about equal 
proportions. Most of the skeletons were lying in a fully extended position, but in a 
few cases the skeleton was ‘doubled up’. In some the arms were bent and in others 
lying straight out. 

Summary 

The direction in which the remains were buried followed no constant pattern, 
although within individual burial grounds they were lying either N.-S. or E.-W. 
The position of these remains in the grave varied. The majority were lying more or 
less extended on the back, but variations in the position of the head and the arms 
were common and indeed, in many cases, the bodies were buried on the side or 
‘doubled up’ (PI. VI, figs. 2, 3; PI. VII, figs. 4-6). 

The question of attempts at incineration is also open. In many graves there was 
no indication of burning although some charcoal was found over the graves. This 
could be due, of course, to subsequent camp fires. In some, however, there was 
definite evidence of charring of the bones and charcoal both above and below the 
remains. 

In a few cases rotted bark was found laid over the remains, presumably the 
remnants of a form of covering after death. 

Other inclusions were found such as the so-called ‘widow’s caps’. Located in the 
vicinity, if not actually with the skeletons, were numerous scrapers and flints. A 
few stone dishes were also found in the vicinity of these burial grounds, but there 
was no evidence to relate these with any ritual burial. 

Explanation of Plates 

Murray Black Collection 
Plates VI, VII 

Fig. 1.—Depressed fracture in the temporal region. 

Figs. 2-6.—Differing positions of the skeletons within the graves. 
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THE SUBMARINE TOPOGRAPHY OF BASS STRAIT 
By J. N. Jennings 

Australian National University 
[Communicated by Edmund D. Gill 10 July 1958] 

Introduction 

Of the Australian seas, Bass Strait is one of those which have attracted most 
attention as regards their submarine relief. Whereas in the Great Barrier Reefs, 
interest in the bottom topography has been primarily geological and geomorphologi- 
cal, here the stimulus has largely sprung from attempts to understand the modern 
biological distributions. The means of entry of the Tasmanian aborigines to their 
island home, the absence of the Australian aborigines and the dingo from Tasmania, 
the affinities between the freshwater fishes of S. Victoria and N. Tasmania, the 
former presence of some giant marsupials in Tasmania and not others—these are 
some of the problems which have led Baldwin Spencer (1892), Howitt (1898), 
Hedley (1903), Noetling (1910), David (1923), Keble (1946) and Birdsell (1949) 
to consider the physiographical history of the Strait. It is not the purpose of this 
paper to venture into these biogeographical questions but rather to re-examine in 
the light of new evidence the topographic basis itself. 

Previous discussions of Bass Strait topography have depended almost entirely on 
late nineteenth century Royal Navy soundings, which, though close-set inshore, were 
far from adequate in deeper waters. Indeed the relevant British Admiralty charts, 
Nos. 1695 A and B, had to depend in parts on soundings in passage up to more than 
20 sea m. apart. It is true that Dannevig (1915) relied on his own soundings made 
in the Fisheries Investigation Ship Endeavour. Unfortunately, these were never 
published and it is thought the records were lost with that ship in 1914. However, 
since the Second World War, the Royal Australian Navy has carried out a con¬ 
siderable amount of modern sounding in the Bass Strait area. Some of this has been 
incorporated in recently published charts, Australian Charts Nos. Aus. 145, Aus. 
150, Aus. 151, Aus. 199 and Aus. 144. Despite this work substantial areas of the 
Strait are still sounded in insufficient detail for geomorphological purposes. Never¬ 
theless, since certain of the resurveyed parts are particularly significant morpho¬ 
logically and since the programme of the R.A.N. for some years to come does not 
include further work in Bass Strait, there seems good reason at the present time to 
publish and discuss a new map of the submarine topography even though it must 
still be very variable in reliability. 

The Construction of the Map 

The sources from which the map was constructed consist of the ‘fair sheets’ of all 
the new R.A.N. surveys and bromide copies of the ‘fair sheets’ of the older R.N. 
surveys. ‘Fair sheets’ prepared by the commander of the surveying vessel concerned 
carry all soundings made. These are much more numerous than the selection carried 
on the published charts. Access to these ‘fair sheets’ at the Hydrographic Office, 
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Garden Island, Sydney, was generously granted by Captain G. D. Tancred and 
Commander A. H. Cooper. I thank these officers for the facilities they placed at my 
disposal. I am grateful to Lt. Commander G. C. Ingleton for valuable criticism of 
this paper. Mr. L. Stewart’s help in the Hydrographic Office also requires my thanks. 

Contours were drawn on tracings to the original scale of the surveys. These were 
later reduced by pantagraph and assembled using Admiralty charts 1695 A and B 
as base. Certain gaps were filled solely from the soundings printed on the face of 
that chart. From this compilation, Fig. 1 was produced by further reduction and 
generalization. Figs. 2-7 were derived directly from the tracings. 

The reliability diagram inset on Fig. 1 indicates that distribution of the different 
types of survey employed. The W. entrance to Bass Strait, with a narrow extension 
from Port Phillip to Wilson’s Promontory, and the S. part of the Strait from Cir¬ 
cular Head to Ringarooma Bay in Tasmania, with an extension northwards to 
beyond Flinders I. and to the Kent Group, have been charted in rigorous manner. 
This was carried out between 1946 and 1954 by the surveying ships, H.M.A.S. 
Warrego and H.M.A.S. Borcoo under the commands at various times of Captain 
Tancred, Commanders Hunt, Gale and Cody. The ‘fair sheets’ are mainly on a scale 
of 1/75,000 with a few on smaller scales. The parallel lines of sonic sounding were 
extremely close inshore and were 1-2 sea m. apart in deeper waters, reaching an 
extreme separation of 3 sea m. apart in a small part of the survey of the W. ap¬ 
proaches of Bass Strait. Asdic sweeps were regularly maintained for shoals between 
the sounding lines. 

For the waters around the Hunter Group, King I., Banks Strait, parts of Flin¬ 
ders I., the Kent and Hogan Groups, and the innermost waters along the Victorian 
coast, recourse was made to copies of the ‘fair sheets’ of the older Admiralty surveys. 
The full details are given by Ingleton (1944). Here it suffices to say that the surveys 
were executed in the periods 1865-1877 (Colonial Steamers Victoria and Pharos), 
1886-7 (H.M.S. Myrmidon), 1903 (H.M.S. Dart), 1906 (H.M.S. Penguin) and 
1912 (H.M.S. Fantome). Of the various commanders, the names of Staff-Com¬ 
mander H. J. Stanley and Commander R. H. Hoskyns are outstanding in relation 
to this area. These ‘fair sheets’ are mainly plotted on a scale of 1/72865, the sound¬ 
ings are generally very close and the derived contours are reliable. 

The data are much sparser for the remaining areas. For certain parts indicated 
in the reliability diagram, continuous sonic soundings in passage by Australian Navy 
surveying ships were used, the ‘fair sheets’ were on scales of 1/166,666 and 1/300,000 
and the sounding lines were up to 10 sea m. apart. Least satisfactory of all was the 
basis for the remainder, in particular the SW. part of Bass Strait, where there are 
still only old Royal Navy wire soundings in passage. These range up to 20 sea m. 
apart. It can be expected that the run of the contours will be changed by future 
surveys in all the areas dependent on soundings in passage. 

Two points need mention with regard to the drawing of the contours. Where the 
sounding lines show the same number of fathoms over some distance, the practice 
of the Hydrographic Office is to draw the fathom line along the deeper side since in 
the interests of navigational safety it is better to err in the direction of indicating 
shallower water than may be the case (Fig. 2). In fact, the chances are that the 
depths where the uniform fathom is recorded are likely to be between this number of 
fathoms and the next larger number. For present purpose, therefore, the fathom line 
is drawn along the shallower side as being more likely to represent the actual relief. 
In consequence the 5, 10 and 20 f. lines on the maps in this article lie in places inshore 
of those drawn on the related R.N. and R.A.N. charts. 
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Certain parts of Bass Strait are so gentle in relief that a difference of one fathom 
can displace a submarine contour markedly. On the ‘fair sheets’ of these areas, 
neighbouring sounding lines show in some parts a systematic difference of one 
fathom (Fig. 3). The result is to impart a regular waviness to the fathom line in 
sympathy with the direction of the sounding lines. Where this latter direction 
changes, the waviness changes also. This is clearly fictitious and is possibly due 
either to tidal rise and fall between neighbouring sounding runs or to some instru¬ 
mental adjustment. Where this occurs, instead of drawing the fathom line in literal 
concordance with the soundings, its course is smoothed to represent the condition of 
the bottom more faithfully. It is clear from such occurrences that to draw 
fathom lines at intervals as close as one fathom in areas of subdued relief is not 
usually justifiable. Doubt is felt, therefore, about the basis of certain published 
figures, e.g. Fig. 7 of Keble (1946). Despite the advances in mapping submarine 
relief through the introduction of sonic and supersonic sounding, through improve¬ 
ments in position-fixing by radar and other means, the fact remains that submarine 
contours have still to be interpolated between a series of fixed points without the 
intervening surface being visible to the eye. Preconceptions as to what one expects 
to find, can enter too readily into the process of map construction in these 
circumstances. 

The Geological Background 

Though the purpose of this paper is to consider the morphology of Bass Strait, 
the submarine relief cannot be considered apart from the implications, which the 
rocks of the surrounding land surfaces have for the evolution of the Strait, all the 
more because geological evidence from the sea floor itself is almost entirely lacking 
here. I am indebted to Professor E. S. Hills for discussing with me this geological < 
background. The first suggestion of a structural depression, if not an actual sea, 
corresponding in trend with Bass Strait has been seen in the E.-W. disposition of the 
freshwater Jurassic sediments of S. Victoria along the margin of the Strait (David 
ed. Browne 1950, Hills 1955). But the sediments are considered to be derived from 
the erosion of mountainous country in the location of the present Strait (Edwards 
and Baker 1943). The tilt of the Jurassic fault block of the Otways towards the , 
Strait points to the origin of the sea (Nye and Blake 1938) but the age of this tilt is 
obscure. The only Cretaceous rocks known in the area are terrestrial and suggest it 
was still a land surface then. 

Marine Tertiaries, however, are well developed in Victoria from the W. border | 
to Gippsland. They are known also in less substantial development from NW. Tas¬ 
mania (Gill and Banks 1956) and from some of the Bass Strait islands. Bass Strait 
certainly came into existence in this time. But how early it appeared and how often 
its existence was interrupted by regression is not known at all surely since the 
correlation of Australian Tertiaries is still much debated. 

Paleocene-Eocene marine beds reach close to Cape Otway on the W. (Baker 
1950). The marine Janjukian formation is known from central Victoria, from E. 
Gippsland and from NW. Tasmania. The Strait may well have been in existence at 
this time. Previously this formation was ascribed to the Upper Oligocene-Lower 
Miocene but, if a recent view (Crespin and Raggatt 1952) is sustained, it is taken 
back to the Upper Eocene. 

In Middle Miocene times, transgression was marked and marine sediments of 
this date are known additionally from King I. (Crespin 1944), from Flinders I. and 
Cape Barren I. (Johnston 1877). Perhaps this is the earliest time to which the 
Strait can be attributed with some certainty. 
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Pliocene deposits are much more restricted in occurrence, no marine facies 
being known as yet from the island of Tasmania. But Kalimnan (Lower Pliocene) 
marine beds occur in Gippsland, the surrounds of Port Phillip and the far W. of 
Victoria. Marine Werrikooian (Upper Pliocene) occurs on Flinders I. Gill (1957) 
has recently proposed that the Werrikooian be included in the Pleistocene. This may 
well be in better accord with the decision of the International Geological Congress 
that for the Plio-Pleistocene boundary, equivalents of the base of the Calabrian of 
Italy should be sought. 

The Victorian succession reveals marked regressions of the sea in the Tertiary, 
e.g. in the late Miocene-early Pliocene and a complex story of warping and faulting 
in several phases. In Tasmania also there was more than one period of faulting in the 
Tertiary (Fairbridge 1948). Whether landlinks were restored between Tasmania 
and the mainland in the upper Tertiary, there is as yet no clear evidence. 

It is generally assumed that the link was recreated at least once during the 
Pleistocene, though this is based less on direct stratigraphical data from the region 
than on the general arguments for glacio-eustatic oscillation and on evidence from 
other parts of the world for negative eustatic movements of sea level of sufficient 
magnitude for it to have happened. The occurrence in the Sorrento bore (on the 
Nepean Peninsula which separates Port Phillip from Bass Strait) of Pleistocene 
dune limestone (aeolianite) to depths below —400 ft. is not conclusive since this 
could be due to the foundering of the Port Phillip fault block. Several Victorian 
geologists have claimed that faulting has continued to recur through the Pleistocene 
(e.g. Hills 1940). In this regard Boutakoff (1952) points to the dislocation of 
Pleistocene dune limestone ridges in SW. Victoria. Gill, however, interprets eustatic- 
ally the occurrence of aeolianite at —67 ft. at Warrnambool in W. Victoria and of 
buried channels of the R. Yarra at Port Melbourne to depths of — 170 ft. The rias 
of N. Tasmania, e.g. the Tamar, have also been cited as evidence of Pleistocene low 
sea level stands. 

There is more evidence in the region for Pleistocene high sea levels and, as might 
be expected, the record seems clearer from the tectonically more stable Tasmanian 
and Bassian island shores. Johnston (1878) reported emerged marine shell beds at 
30-50 ft. in the Furneaux Islands. Edwards (1941) found emerged shoreline features 
at 40-50 ft. well developed in NW. Tasmania. In King I. evidence for a transgression 
of this order is widespread, though here there is record of a descending sequence of 
associated transitory shorelines down to present sea level (Jennings unpublished). 
In NW. Tasmania, Edwards thought that some river terraces were graded to a 
former baselevel of 100 ft. Beach cobble deposits exposed in the scheelite mine at 
Grassy, King I., range up to this height also (Nye 1934). Gill and Banks (1956) 
show that some of the emerged marine features in NW. Tasmania relate to a stand 
at about 70 ft. From the Victorian side, emerged beaches related to a warm 25 ft. 
sea level have chiefly been given notice (Gill 1953, 1956). So far there is little by 
which these various occurrences can be dated within the Pleistocene, though C14 
dating shows that the 25 ft. level in Victoria belongs to the last interglacial. For the 
present purpose, however, they do make clear one thing — namely, that Bass Strait 
had in the Pleistocene high sea levels much the same extent and form as it has to-day. 

Gill (1956) has published the carbon-14 dating of a Eucalyptus tree in situ, at 
63 ft. below LWM. in the last buried channel of the R. Yarra at Melbourne. This is 
given as 8780 ± 200 years ago and belongs to a late phase of the Last Glacial. This 
find relates in Gill’s view to a sea level lower than —100 ft., though this interpretation 
disregards the possibility of tectonic movement of the Port Phillip fault block since 
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that date. If it does represent a eustatic shift, the final submergence of Bass Strait 
must postdate this time. The correspondence with the well-established Flandrian 
(Boreal) submergence of NW. Europe (Godwin 1945) seems good. Since this sub¬ 
mergence there is fairly widespread evidence for a Recent emergence of the order 
of 10 ft. Such a small shift has little significance for the present purpose so there is 
no need to argue here the question as to whether it is of eustatic nature, as claimed 
by Gill and others, or not (Hills 1955). 

The Submarine Topography 

Particular features of the Strait have been attributed by one authority or another 
to tectonic movements, to current action, to the operation of waves and of rivers 
when the relative level of land and sea was different from the present one. From the 
start it must be recognized that, even in the more closely sounded areas, it will not 
be possible bv any means to be certain always of the nature and origin of these 
features for, a's yet, there is little or no ancillary information to support the morpho¬ 
logical evidence. There is no analysis of bottom sediments, no submarine bores, and 
no geophysical exploration, such as has begun to be carried out in recent decades for 
other seas, is available. Moreover, as has already been indicated, the soundings tf 16 ™ - 
selves are still very inadequate for substantial areas of the Strait. Some of the 
previous discussions have built too confidently on even more limited data. 


Tectonic Features 

The major features of the Strait might be expected to be the ones least likely to 
be modified in their mapping by the refinements of the new soundings and this proves 
to be so. Moreover, there seems little reason to doubt the general assumption that 
these major features are tectonic in nature. The major units of the shell, all recog¬ 
nized previously though some of the names given here deliberately depart from t ose 
suggested earlier, are oriented along NW.-SE. and NE.-SW. lines of struc ura 
origin (Fig. 4). This is despite the fact that in an overall view the Strait can be 
regarded as an E.-W. feature. 

1. The Bassian Rise (‘Bassian Isthmus'. Hedley 1903; ‘Bassian Ridge’ Keble 
1946) has attracted much attention in the past since here is the line ot shallowest 
waters between Tasmania and the mainland, and therefore the most li e y an - in 
in the Pleistocene period of oscillating sea levels. In relief it is a low, gently s 
rise, curving slightly from the Victorian coast E. of Wilsons Promontory to the 
NE. corner of Tasmania and diversified by steeply rising granite masses of various 
small islands and of the hills of the larger islands such as Flinders I. The abruptness 
of these hills is indicated less bv the heights of Mt. Latrobe (-,450 ft.) j* 1 'j 1 . 50 ?® 
Promontory and the Strzelecki Peaks (2,550 ft.) in Flinders I. than by the altitudes 
to which very small islands such as Rodondo I. (1,150 ft.) and Curtis . ( , •) 

reach. , 

Though the broad plan of the Bassian Rise is arcuate, the protuberances upon 
it seem to have a much more linear pattern. Thus the small island groups of the W. 
exhibit a marked NW.-SE. trend seen for instance in the Glennie Group-Anser 
Group-Rodondo I.-Cutter Rock-Crocodile Rock-Curtis Group chain and in the 
Seal I .-Hogan Group-Kent Group-Wright Rock-Endeavour Reef-Beagle KocK- 
Craggy I. chain. In the Furneaux Group, the trends of the granitic hill masses an 
smaller islands are much more NNW.-SSE. in direction. Ihe result is t a 
Bassian Rise adjoins rather than runs into NE. Tasmania. 
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Fig. 4. —Some tectonic features of S. Victoria and N. Tasmania in relation to 
Bass Strait submarine topography. Fold axes mainly Palaeozoic, faults mainly 
Tertiary. Based on published maps of Boutakoff, Carey, Condon, Fairbridge, 

Hills and Thomas. Further faulting in the Otways is known to exist but there 
are no published maps. Only the most clearcut tectonically controlled submarine 

features are shown. 

The Rise, termed the ‘Eastern Granite Arc’ by Lewis (1936), follows ancient 
tectonic structures very obviously. Though David and Browne (1950) regard these 
granites as Carboniferous, as yet, there is no evidence that the relevant Kanimblan 
orogeny affected Tasmania, and Carey (1953) considers both the granites and the 
folding of the Mathinna sediments of the Furneaux Group to belong to the Taberab- 
beran (Mid-Devonian) orogeny. He maps an anticlinorium running NNW.-SSE. 
through the Furneaux Group, parallel to other fold structures of NE. Tasmania. It 
seems likely that this anticlinorium is continued into Wilson’s Promontory though 
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beyond that the axial trend of Lower Palaeozoics just N. of Waratah Bay is 
NE.-SW. (Thomas 1934). 

No later earth movements have actually been proved from this eastern chain of 
islands but it is unlikely they escaped them. One noticeably straight lineament in the 
submarine topography can hardly be interpreted as other than due to young faulting, 
probably of Tertiary age. This is the straight scarp close inshore from W. Sister I. 
to Cape Frankland. Flinders I., some 13 m. in length and rising from 20 f. Its 
direction is SSW. to NNE. and is paralleled by other shorter straight lineaments 
(1) NW. of Hummock I., (2) NW. of Craggy I., (3) E. of Deal I., and (4) 
between Deal I. and Dover I. 

The gently bowed foundation of the Bassian Rise has a flat crest along a line 
through the Hogan and Kent Groups and this reaches up to depths between 30 and 
35 f. The isthmus of water shallower than 30 f. shown by Noetling (1910) and by 
David ed. Browne (1950) is not supported by the available soundings. On the other 
hand, an emergence of 35 f. would uncover a wide land surface linking 1 asmama 
with the mainland as Howitt (1898) saw, though its width would be 40-50 m., not 
the 80-90 m. of that author. 

2. The King Island Rise (‘King Island Ridge’, Keble 1946) is neither 
structurally nor topographically a complete counterpart of the Bassian Rise, it ends 
just N. of King I., which is separated from Cape Otway by the deepest water 
belonging properly to Bass Strait. Little can be learnt of its detailed topography 
since the soundings here are most scattered, except in the immediate vicinity of the 

Hunter Group and King I. . 

The Hunter Group, like the Furneaux Group, has fairly prominent granite hills 
rising to nearly 800 ft. in Three Hummock I. Though there are granite hills in King 
I., they are less prominent than the plateau of metamorphosed sediments, which 
rises sharply from the sea in the SE. to a height of 550 ft. and declines gradually 
northward and westward. The sediments are correlated with the Cambrian Dundas 
Group and Precambrian Carbine Group (Carey 1953). As with the Bassian Rise, 
the present topography follows ancient structural trends. Here also the granites 
(Lewis’s ‘Western Granite Arc’) are regarded as Devonian by Carey and the 
Heemskirk Anticlinorium of NW. Tasmania is continued by him NNW. into King I. 
where the metamorphics have nearly this strike. The Hally Bay ley shoal, Black 
Pyramid, Bell Reef and Reid Rock, some of which are of granite, rise sharply from 
the continental shelf on this line. The Hunter Group lies to one side and it is possible 
that a second Taberabberan anticlinorium runs through them. 

The Hunter Group, however, is cut off abruptly on the N. by a sharp linear 
submarine feature, much in the same fashion as is Flinders I. though here the 
direction is nearlv E.-W. Once more this is likely to be due to young (Tertiary?) 
faulting. An even clearer indication of such movement is found in the very pro¬ 
nounced lineament running NNW. for some 20 m. from Stokes Point at the S. end 
of King I. This is nearly parallel to the strike of the metamorphic basement of the 
island. More discordant with that structure are certain short but sharp features 
along NW.-SE. lines on either side of and between the W. and E. Harbinger Reefs. 
This trend, however, is continued in the low granite ridges of the N. end of the 
island. 

It was Dannevig (1915) who pointed out that the shallowest connection, nowhere 
as deep as 30 f., runs in the form of a crescentic arc from the NE. of King I. to the 
main island of Tasmania E. of the Hunter Group. The fact that it does not directly 
join the Hunter Group and King I. offers some support to Dannevig s view that this 
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arcuate rise is the result of modern sedimentation. He pointed out that the shelf W. 
of King I. is very rocky and attributed this to storminess and strong currents. In the 
passage between King I. and the Hunter Group, conditions, he thought, were still 
too rough for anything but coarse sand to rest so that the finer materials were thrown 
into the Strait to accumulate as a curving bar. It may be too broad and substantial 
a feature to be explained in quite such terms but that sedimentation may have been 
favoured here over a much longer period of time is an idea more readily accepted 
to account for it. In fact, soundings are far too widely scattered for a confident 
notion of even the form of this connecting arc, quite apart from questions of inter¬ 
pretation. 

3. The Tail Bank, named by Dannevig, is seen on the present map to be so 
ill-marked in form and extent as scarcely to warrant separate consideration from the 
King I. Rise, which it adjoins on the SW. But its trend (NW. to SE.) does differ 
from the latter’s and it has been discussed, not only by Dannevig, but also by Noet- 
ling and Keble. Some individual notice of it is therefore appropriate. 

Noetling (1910) maps a long ridge running southwards from the neighbourhood 
of Cape Schanck to shallow waters E. of the N. end of King I. Depths of less than 
30 f. follow most of its length but depths between 30 and 40 f. are shown close to 
Cape Schanck. On the basis of his own soundings, Dannevig claimed this was wrong 
and the modern soundings substantiate him. Its trend is NE. towards Cape Patter¬ 
son and it scarcely anywhere reaches the shallowness of 30 f. Moreover, the 40 f. 
lines fail to link the Bank either to Cape Schanck or to Cape Patterson. Admittedly, 
close parallel lines of sounding are still lacking over much of the Tail Bank but the 
soundings in passage now available provide a surer basis than the data Noetling used. 

May (1923) argued that the last landlink between King I. and Tasmania was 
broken before that between King I. and Victoria because one species of land snail, 
Chloritis Victoriae, is found in Victoria and King I. but not in Tasmania. Since the 
former link is now less deeply covered by water than the latter one, this view cannot 
be explained by eustatic shifts alone but must involve some differential tilting. How¬ 
ever, Keble felt no difficulty in regarding the Tail Bank-King I. Rise as a more im¬ 
portant migration route to Tasmania than the Bassian Rise, even though in Keble’s 
view the latter shallower connection must have lingered longer than the former. 
Clearly there is no reason why some species should only have spread as far as King I. 
when all the landlinks were broken by the Flandrian transgression, known from 
European evidence to have been a very rapid one. 

Dannevig regarded the Tail Bank as another recent constructional feature of 
similar origin to that of the arcuate rise between King I. and Tasmania. In contrast, 
Keble thought it represented an extension of the peneplaned foundation of King I. 
to the NE. At present there is little to go on in this matter though the rather sharp 
‘nose’ of the Tail Bank around 144° 15'E. 39° 20'S, is perhaps indicative of bedrock 
there at least. In addition, the NE. trend of the Bank, admittedly not very clearcut, 
is continued in both the relief and the tectonic lines of the S. Gippsland Ranges. 

4. The Bassian Depression, enclosed between the three positive features 
already described, is a remarkably featureless and very shallow basin, indeed its 
relief hardly warrants the name of ‘Bassian Trough’ which Lewis gave it. How 
deep it reaches is still somewhat uncertain for soundings in passage alone are avail¬ 
able for the central part within the 45 f. line. Dannevig mentions a maximum depth 
of 53 f. but the small ringed 50 f. lines shown on the present map are based on old 
wire soundings. In general in this area, the modern sonic soundings give shallower 
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depths than these earlier results. Certainly nothing much deeper than 50 f. is to be 
expected and that over very limited areas. 

Structurally, of course, it is very likely that there is a tectonic trough here since 
the elongation of the depression is in continuation of the Midlands Graben of Tas¬ 
mania as Lewis pointed out to be supported later by Fairbridge (1948). It is possible 
that the Western Tiers faultline, which bounds the Midlands Graben on the W., is 
represented on the floor of Bass Strait by the line of steeper slope running some 
50 m. NNW. from Table Cape. But this is by no means a sharp feature, rising only 
10 f. over a distance of nearly 10 m. At most it is a gentle warp. The Blue Tiers 
faultline, limiting the Midlands Graben on the E., finds no counterpart at all in the 
Bassian Depression. This lineament produced crosses the very smooth central parts 
of the depression. The bounding slopes of the basin are in general exceedingly gentle 
and clearcut limits cannot be discerned. This must be qualified for the S. Victorian 
coast, where the Glennie Group is cut off on the W. by a very sharp feature, which 
may well follow a faultline. 

These subdued characters argue against the standpoint of Lewis and Fairbridge 
that the present relief of the Bassian Depression is the result of very young faulting. 
Their argument that such a large enclosed depression must be tectonic in origin is 
acceptable, but Fairbridge’s further inference of very recent formation from the fact 
that the basin has not been infilled by sediment and lacks a continuous outfall is less 
so. It ignores the fact that the history of the basin must have been mainly a sub¬ 
marine, not a subaerial one, and so elimination by sedimentation is less likely. It 
ignores also the shallowness and lack of sharp bounding features of the basin. As 
already has been seen. Dannevig disposed of Noetling’s idea that there must have 
been a large deep lake or inland sea here during some at least of the Pleistocene 
glacial periods. The deepest parts of the depression are perhaps some 10 f. deeper 
than the deepest outlet channel between the Tail Bank and the Victorian shore. 
Partial sedimentation of an older fault trough seems to fit the topographic facts 
better. Nothing in that topography demands that the downfaulting of the Bassian 
Depression should be later, for example, than the Lower Miocene age proposed by 
Nye and Blake (1938). 

5. The Otway Depression. At the W. entrance to Bass Strait between Cape 
Otway and King I. the waters are deeper than anywhere else in the area under study. 
Depths greater than 60 f. are found not far NW. of the N. end of King I. and along 
a line from Cape Wickham to Cape Otway the bottom is mainly below 50 f. The 
40 f. line reaches far north-eastwards to enter the northernmost bight and to link 
with the Bassian Depression around the Tail Bank. This Otway Depression (‘Otwav 
Trough’, Lewis 1936; ‘Bass Strait Sunkland’, Keble 1946) is bounded very clearly 
on the NW. by the remarkably straight and steep submarine slope from the neigh¬ 
bourhood of Barwon Head to a point beyond Cape Otway in the open sea. Hills 
(1946) shows in his Fig. 346 the Otway Ranges to be strongly downwarped and 
faulted along this flank. Keble (1946) produces the Bellarine Fault of Port Phillip 
to run along the sea floor a little E. of the foot of the submarine cliff. There can be 
no doubt that here is a major structural feature. 

No such well marked feature limits the depression on the SE. though the Tail 
Bank has been noted previously to have a parallel trend. Keble (1946) carried the 
Selwyn Fault of Port Phillip’s E. shore across to King I. The present map gives less 
topographic support for this than does his Fig. 12. Nevertheless, the general run of 
the contours in the Otway Depression is consonant with the notion of this being a 
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downthrown block, which is more closely the continuation of the Port Phillip Sunk- 
land than the Bassian Depression, to which Lewis assigned this relationship. 

6. The Flinders Depression (‘Flinders Trough’ of Lewis 1936) lies wholly 
outside Bass Strait proper but it is included in the continental shelf of which the 
Strait occupies the predominant part. Soundings here are too inadequate for any 
concern with details of relief. In the large there can be seen, between the Bassian 
Rise and the top of the continental slope here at 45-50 f., a depression formed by a 
south-eastward slope from the Gippsland shore and a north-eastward slope from 
the Bassian Rise. Where these two slopes meet lies the NE.-SW. axis of the de¬ 
pression and a fault or down-warp, increasing in magnitude north-eastwards along 
this line, suggests itself as the origin of the feature as a whole. 

Pleistocene Low Sea Level Fluvial Features 

Some mention must perforce lie made of Noetling’s confused and highly specula¬ 
tive notions of a late-glacial and early postglacial drainage system on an emerged 
Bass Strait, disrupted by volcanism and subsidence in the last 7,000 years. In his 
Fig. 2 the E. Gippsland rivers join to enter Bass Strait on the NE. and leave it 
between King I .and Tasmania. At the same time, the Yarra flows in a roughly 
parallel course across the shelf on the other side of King I. The 40 f. line is cited as 
showing traces of these old river courses but it is difficult to see the basis of this 
supposition in the present map. Then at a later stage (Noetling’s Fig. 8), presumably 
after the beginning of subsidence, a large deep lake developed across the course of 
the first of these postulated major rivers and the drainage of Western Port fell into 
this lake. With these connections a common river fauna was established between S. 
Victoria and N. Tasmania. Dannevig showed that there was no high ridge between 
the Otway and Bassian Depressions as Noetling supposed and that a very gentle 
and small tilt down to the SE. could have destroyed a former continuous outfall 
from N. Tasmania to the N. bight of Bass Strait. Alternatively, differential marine 
sedimentation over a comparatively short space of geological time could have created 
the low barrier which does exist between the two. 

Dannevig’s standpoint was that if the floor of Bass Strait has been exposed, the 
drainage system would have taken the form of a Tamar Major river flowing NNW. 
into the bight S. of Port Phillip Bay, where it would have collected the Yarra as a 
tributary and swung round to the SW. to flow out between Cape Otway and King I. 
to the sea. 

Since Dannevig wrote, the concept of the glacio-eustatic control of sea level 
during the Pleistocene has been widely examined and received so much supporting 
factual evidence, apart from strong a priori arguments in its favour, that such control 
can now be regarded as an accepted principle (see, e.g. Flint 1957). As part of this 
development has come the recognition of subaerially fashioned topography on the 
continential shelf as for instance in the relict river channels in the floor of the 
Sunda Sea (Umbgrove 1929) and glacial moraine lines on the bottom of the North 
Sea (Pratje 1951). 

There was then a different climate of opinion when Keble (1946) discussed the 
Bass Strait topography. Since the general estimate for the fall of sea level in the 
Pleistocene glaciations is of the order of 300 ft. (Kuenen 1950, Flint 1957), it was 
logical on the basis of theory to expect to find evidence of river channels on the Bass 
Strait floor. In his Fig. 12, Keble drew fresh contours for the Otway Depression, 
based perforce at this time on the old soundings. These contours show a clear-cut 
Yarra channel and several tributary channels defined by the 45 and 50 f. lines. He 
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also adopted Dannevig’s Tamar Major river, though he does not show any sign of 
it on that portion of his map which would have been crossed by such a confluent 
stream. 

Close modern sounding is now available for most of the area covered by Keble’s 
Fig. 12. Differences of interpretation are now closely limited by the data, which do 
not permit of Keble’s construction. The 45 and 50 f. lines do not reach into the NE. 
half of the Otway Depression at all. In reality it is practically featureless. Captain 
G. A. D. Tancred, at the time in charge of the Hydrographic Office, expressed 
the opinion that it is one of the flattest areas of shelf floor to be found. It will be 
evident that this comment applies to many other parts of Bass Strait as well. Reasons 
have been given above for the view that the drawing of submarine contours at much 
closer interval than 5 f. over subdued relief may be misleading. But if such closer 
contours are drawn in this area, the resultant pattern is more suggestive of NE.-SW. 
structural lineaments parallel to the Otway’s submarine scarp than of any river 
course. 

If attention is turned to the S. reaches of Bass Strait where close sounding again 
reaches well out from the coast, the general smoothness and featurelessness is out¬ 
standing and traces of features resembling river channels cannot be found on the 
flat floor of the Strait. In any case, where the gradients are as slight as they are 
here, there must be serious doubt whether any small bend in a single contour is a 
real thing and not a minor error in survey. Closer inshore, the slopes are steeper and 
a group of sympathetically arranged bends in a sequence of adjacent contours would 
certainly reveal a real feature. Even here there is no positive indication of a sub¬ 
marine channel of the Tamar below the 15 f. line, though inside this line there is the 
well known ria of Port Dalrymple along the Tamar (cf. Edwards 1941). Of all the 
N. coast rivers, the only one where something indicative of a channel at lower levels 
can be discerned is offshore of the R. Mersey mouth. The 20, 25, 30 and 35 f. lines 
all have reentrants so placed with regard to one another that they could be regarded 
as the result of the Mersey flowing down this slope of about 15 ft. to one mile. 
Edwards (1941) regarded several depressions in the Hunter Group reaching to 
25 f. as submerged river valleys. Reasons are given later for considering them 
instead as due essentially to current action on the sea floor. 

The conclusion to be drawn from this negative search is not that the lower parts 
of Bass Strait were never exposed subaerially in the Pleistocene. Evidence from all 
over the world, from the peatbeds of the S. North Sea to the rias of the Derwent or 
Broken Bay can be regarded as conclusive in this respect. It is more simply that 
Keble neglected to weigh the work of the sea during still stands at higher levels than 
those which must have permitted fluvial action on the Bass Strait floor and during 
the periods of rise and fall between high and low sea levels. Cotton (1951) has 
recently reminded us of this danger. Nor must it be forgotten in this connection that 
Bass Strait is widely regarded as one of the stormiest of the partially enclosed seas 
of the world. Dannevig did not make this mistake of underestimating marine action, 
both by waves and by currents. He did not claim to recognize actual river courses 
but only inferred their probable general direction assuming the floor were exposed. 
On the contrary he was at pains to assess the variation in marine erosion and 
sedimentation from one part of the Strait to another. The central floor of the Strait 
is so flat that any low sea level river courses would be very shallow, meandering 
channels, soon concealed by later marine sedimentation or erosion. Moreover, it is 
likely to be developed on weak sediments below. In this context it would probably 
have been more surprising to have found relict river channels than to have failed to 
do so as it proved. 
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Pleistocene Low Sea Level Littoral Features 

It would be consonant with the arguments just presented to find evidence of 
marine cliffing at lower levels than that associated with the present stand of sea 
level. David (1923) has claimed such evidence in these waters. He interpreted the 
steep submarine slope west of the central part of King I. as a coastal cliff cut when 
sea level was at — 33 f. This slope is part of the larger linear feature discussed 
above as an expression of faulting. The N. half certainly does have its basal break 
of slope between 30 and 35 f. but the S. part of the scarp starts higher. 

There is not necessarily a conflict between the two interpretations. A fault scarp 
may be sharpened and retreat slightly by marine attack, yet retain its original 
character and linear plan essentially. Low sea level wave action may keep its base 
clear of enveloping sediment to a particular level or may plane the downthrown 
block to that same level. Whether such a compound origin applies here calls for a 
more extended view. Thus 5-6 m. W. of Stokes Point there is a shoal area rising 
quite steeply to 10 f. from a basal break of 30-35 f. SE. of King I. the shoals around 
Reid Rock and the Bell Reef both rise to the surface from the 30 f. line. 

Across the Otway Depression, the straight submarine scarp from Barwon Head 
to Cape Otway, which as has been seen can hardly fail to be a tectonic feature, has 
nevertheless a consistent break of slope at 35 f. Moreover, the same break of slope is 
found round to Cape Schanck in front of the Nepean Peninsula of different and 
much younger geological structure. Keble interpreted this 35 f. level as the shoreline 
at the beginning of his Pleistocene Upper Dune Series. He regarded this shoreline 
as carried down to this level by tectonic subsidence of the Port Phillip Sunkland, 
though he did also incorporate large glacioeustatic shifts in his general interpretation 
of the area. 

This marked break of slope at 35 f. continues along the coast to Wilson’s 
Promontory, with varied geological structures backing different parts of the coast. 
This statement needs qualifying for two sections. At Wilson’s Promontory itself the 
submarine scarp rises at some points from 40 f. where strong tidal currents seem 
to have fashioned scourcolks. Between Cape Woolamai and Cape Patterson, the slope 
down to the flat floor of the Strait is in two sections with an intervening step. This 
step ends coastwards at the 20 f. contour and projects some 20 m. seawards in a 
blunt point directed at the Tail Bank and defined by the parallel courses of the 30 
and 35 f. contours. In plan the whole feature makes some sharp bends between Cape 
Schanck and Wilson’s Promontory in keeping with the coast and overall structural 
control cannot be doubted. But the prevalence of the 35 f. break of slope practically 
continuously from Cape Otway to Wilson’s Promontory is out of keeping with an 
interpretation solely in terms of a series of inter-connecting true fault scarps. It 
would be surprising if the separate downthrown blocks managed to retain the same 
level over a distance of 180 m. More reasonable is it to suppose that marine erosion 
and sedimentation has produced this uniformity in level in a topography initially the 
direct result of faulting. And such marine action would appear to relate to a low sea 
level of the order of 30-35 f. below the present sea level. 

Many of the small islands and reefs between Wilson’s Promontory and Flinders 
I. offer further evidence in support of this interpretation. The subaerial slopes and 
cliffs of islands such as Rodondo, the Moncoeurs, the Curtis Group, the Hogan 
Group, South-west Isle and Pyramid I. continue unbroken below sea level to 30-35 f. 
where they abut abruptly on to the flat floor of the Strait (Fig. 5). Many of these 
features warrant the name of ‘plunging cliffs’ (Cotton 1951). It is significant that 
in a number of cases, e.g. South-west Isle, this characteristic is better developed on 
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the W. side than on the E. side where the banks on which the island or reefs rest 
tail off more gradually. W. coasts are on the weather side in Bass Strait and are 
subject to a much more violent wave attack. 



Fig. 5. —Some examples of ‘plunging’ granite islands of the Bassian Rise. 


King I. and Flinders I., together with its smaller neighbours, show a similar 
contrast between their W. and E. sides. The easterly-facing coasts in both cases lack 
the sharp submarine features. In the case of SE. King I. this is despite the fact that 
the coast rises sharply to a 200-500 ft. plateau level and has been interpreted as a 
fault coast (Debenham 1910). On a wider scale still the W. sides of the Bass Strait 
Rise and the King I. Rise are more accidented in bottom topography than the much 
smoother E. sides. Dannevig associates this distributional pattern with the variation 
in storm waves and tidal currents of present-day conditions. Moreover, the general 
easterly set of the Southern Ocean current must help to produce this contrast by 
inhibiting sedimentation on the W. sides of the Bassian islands and allowing it in 
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their lee. But variation in exposure to marine processes when sea level stood lower 
at various times in the Pleistocene is probably more important. These steep sub¬ 
marine slopes with sharp basal angles are regarded then as the record of low sea 
level marine erosion, clearest where this agency operated upon previous fault 
features. 

However, the picture is not as simple as it has been indicated so far. Similar 
submarine breaks of slope occur at much shallower levels than those already men¬ 
tioned. The Kent Group and Pyramid I. rise from 30-25 f.; Wright Rock, Endeavour 
Reef, Craggy I., Wakatipu Rock, Frankland Rock, Warrego Rock, and its neigh¬ 
bouring shoal, all rise from 20-25 f., as does the faulted scarp NW. of Flinders I. 
All the islands lying W. of Flinders I., from the Pascoe I. to Goose I., have sharp 
breaks on their W. sides at 20-15 f. This is true also of Waterhouse I. and Ninth I. 
off the Tasmanian shore. W. and N. of the Hunter Group and around Albatros I. 
and Black Pyramid the basal break of slope is at 20-25 f. 

This variety of level of the submarine breaks of slope is not regarded as vitiating 
the conclusion already reached. It remains evident—(1) that they are not all 
structural in origin and that where structure is involved they are not solely of that 
origin; (2) that as erosional features they are out of adjustment with the present 
sea level. One explanation of the variation in level is that all the features belong to 
the same sea level but that there has been deformations, namely a tilt up to the SE. 
and down to the NW. Against this explanation there are occurrences which do not 
agree with such a general pattern. Thus, in the NW. there is benching at higher 
levels, e.g. in the Cape Woolamai-Cape Patterson sector, and in the SE. between 
Stony Head and Point Sorell on the Tasmanian coast there is offshore a well defined 
break of slope at 30 f. The alternative explanation is that benching occurred at 
different levels of the sea in its rises and falls below its present height. Nevertheless, 
the 30-35 f. level is most widespread and probably represents a more important 
stillstand. 

Features Due to Marine Currents 

In the confined passages between the islands of the Furneaux Group and of the 
Hunter Group are a number of elongated, narrow and deep hollows, which have not 
yet attracted much comment. This lack of notice may be due partly to their un¬ 
importance in the question of land-links and partly to the fact that for the most part 
they seem to fall unproblematically into the category of tidal scourcolks. Apart from 
a number of lesser features of a like nature, there are some ten major depressions 
20 f. or more in depth. Table 1 sets out the salient facts about them. Reference to the 
‘Australia Pilot’, Vol. II (1944) makes it clear that all these localities are noted for 
strong tidal currents, which are reinforced strongly by westerly winds. Speeds of 
5 -6 knots are mentioned with regard to a number of them. On Hunter Passage, 
there is the typical comment—‘5 knots in places at springs, and forming heavy races 
off the points of the islets, and many swirls and eddies in the channels’. According to 
the Rev. Brownrigg (1872), the races around the Sister I. were known as ‘stone- 
choppers’, a very suggestive name in relation to the ensuing discussion. 

The morphology of these features is consonant with these currents being the 
operative agents in their formation. The deepest holes are usually near the narrowest 
constrictions in the straits or off projecting points. Thus the Armstrong Channel 
swale shows two major deeps at the narrowest points along the channel, one (41 f.) 
between the NE. tip of Clarke I. and Flinders I. and another (46 f.) between Pas¬ 
sage I. and Passage Point on Flinders I. Some of them possess in plan a curvature 
swinging round a projecting headland and corresponding with the current stream- 
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Table 1 

Major Current Szvales in Bass Strait 






Approx Min. 



Max. 


Amplitude (f.) 

Location 

General Characteristics 

Depth (f.) 
from 

Depth (f.) of Sills 

of Enclosed 
Depression 



Surface 


(Lowest Col 
to Bottom) 

Hunter Passage .. 

Complex with several deeps. 
Sinuate plan. 

35 

5-10 on E., 
10-15 on W. 

20 

Hope Channel (1) 


Generally 10-15, 


against Hunter I. 

Two deeps. Very straight 
in plan. 

26 

Less than 5 

but 20-25 on N. 

Hope Channel (2) 




against Three 
Hummock I. 

Somewhat irregular in plan. 

39 

Generally 10-15, 
but 15-20 on N. 

19 

S. of Three 
Hummock I. 

E. of Three 

Curving plan. 

20 

10-15 

5 


Hummock I. 

Straight plan. 

20 

Generally 5-10, 
but 10-15 on N. 

5 

Between Swan I. 



5-10 


and Tasmania .. 
Banks Strait 
near Clarke I. .. 

Gently curving plan. 

24 

14 

Complex with several deeps. 

43 

15-20 on W., 

18 


Sinuate and branching. 


20-25 on E. 


Armstrong Channel 





and E. to Pas¬ 
sage I. 

Complex with several deeps. 
Sinuate plan. 

46 

5-10 on W., 

41 

10-15 on E. 

Franklin Sound 




between Flinders 
I. and Anderson I. 

One major sinuate swale. 

30 

Less than 5 

20 


Several minor adjacent 





ones. 




Between W. Sister 





I. and Flinders I. 

Two deeps. Irregular in 

85 

10-15 

70 


plan. 





lines which occur in such contexts. Some are rectilinear in plan as if a structural 
lineament is guiding current action. It is unfortunate that on both published and 
unpublished R.N. and R.A.N. charts, the notations of ‘nature of bottom’ tend to 
become infrequent in the neighbourhood of these depressions. However, in one 
instance they are fully adequate. This is the case of the complex swale in Banks 
Strait S. of Clarke I. On the floor and round the slopes of the two major deeps in 
this depression, rock is noted almost exclusively whereas away from the depression 
westwards and eastwards soft sediments become predominant, chiefly sand and 
shells. Also the ‘Australia Pilot’ describes the bottom of Armstrong Channel as 
‘rocky in deeper parts’. 

The only comment on these swales which the writer has encountered is by 
Edwards (1941), who regarded those in the Hunter Group as relict portions of 
Pleistocene low sea level river channels. Without rejecting some contribution by 
such fluvial action to this physiography, it seems unlikely to be the major factor. 
The ones around Three Hummock I. and the N. end of Hunter I. (a lesser one lies 
W. of the latter island) are unrelated to any substantial drainage area assuming 
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a low sea level and the Hunter Passage swale is directed away from the drainage of 
the main island of Tasmania, not towards it, as is to be expected on Edwards’s theory. 

Though as a whole the depressions agree with the prevailing conception of a 
current-scoured swale, the size of the deepest of them, the one N. of Flinders I., 
seems to call for closer questioning of the morphogenetic processes responsible (Fig. 
6). This feature is about 8 m. in length and has a maximum width of 1^ m. It has 
two steep-sided deeps, the W. being deeper (85 f.) and having a rather flat floor, 
while the E. is just over 60 f. deep and is much narrower. Between the two lies a 
col at 40-45 f. situated where the strait is at its narrowest width of 1 m. Granite 
hills rise fairly steeply on either side, to 636 ft. on W. Sister I. and to 514 ft. on 
Flinders I. The two deeps have minimum depths below their lowest sills of 70-75 f. 
and 45-50 f. respectively. The W. sill is very narrow since the swale approaches 
very closely to the rectilinear structural lineament which cuts Flinders I. off on the 
NW. There are suggestions of structural control in the irregularly angular shape of 
the swale. There may be an ENE.-WSW. lineament running along the S. side of 
the W. deep, through the col and along the N. side of the E. deep. Less certainly 
indicated are short cross lineaments along WNW.-ESE. lines. 

However, it is difficult to regard the feature as of direct tectonic origin, with the 
two deeps as box-faulted down thrown blocks. Firstly they would be tectonic struc¬ 
tures of unusual size and shape. Secondly this depression seems to be simply the 
deepest in a series of varying size and depth from small, shallow swales, and in the 
series are many which have no apparent relation to tectonic structure. 

The current origin is preferred and it is true that similar features of comparable 
or even greater depth are known and thought to have such a genesis. Umbgrove 
(1949) attributes to the monsoon current elongated depressions in the Sunda Straits, 
which reach to a maximum depth of 66 f. Shepard (1948) gives several instances— 
a 64 f. hole in San Francisco Bay with a sill of 10 f.; a 95 f. depression in Bahia 
Nueva, S. Argentina, behind a 28 f. sill; twin holes in Bungo Strait, Japan, reaching 
down to 228 f. from a rim nowhere deeper than 50 f.; various swales in Tsugaru 
Strait, Japan, deeper than 250 f., one enclosed by the 50 f. sill. One difference 
between these instances and the Flinders I. example should be noted. In the other 
cases there is no nearby alternative passage for the ocean currents or bodies of tidal 
water to follow whereas in the Australian example there is ample room for the water 
masses to pass N. of the Sister I., indubitable though the tidal race is over the swale. 

The theory that such a deep cavity as this at the N. end of Flinders I. is due to 
current action is a rather demanding one and seems to call for somewhat more 
elaboration than is found in the textbooks of submarine geology. Firstly as to pro¬ 
cess, actual excavation to such depths seems much less likely than the inhibition of 
deposition over the site of the holes with the gradual accumulation of sediment 
around where the currents were less strong. The Snellius Expedition (Kuenen 
1935) found that strong currents prevented deposition in the Indonesion straits 
where rock bottom was found in many places. Secondly there is the question of 
time. Whether the process be one of positive erosion or of hindrance to deposition, 
it is difficult to regard this particular depression, at least, as the product of current 
action since the Postglacial Flandrian Transgression or even as the product of all 
the interglacial high sea level periods of the Pleistocene. It is more convincing to 
envisage its formation as the consequence of inhibition of deposition from some 
much earlier time in the Cainozoic. At this point the disposition of the Palaeozoic 
granite masses was such as to promote the development of tidal races whenever sea 
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Fig. 6.—The deep enclosed depression N. of Flinders 
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level was at all close to its present one relative to the land, and sediments from per¬ 
haps as early as the Miocene may have failed to accumulate in these confines. When¬ 
ever the area emerged, there would be some infill (both from mass movement on the 
surrounding slopes and from streams) of the lake which would appear. But the 
general configuration would not have been very favourable to any large integration 
of drainage into it. In each subsequent transgression there might be some evacuation 
of unconsolidated sediment by tidal currents, a much less exigent task than the 
erosion of the whole depression from consolidated rock. A long, repetitive history of 
this type may be envisaged. The absence of a breach in the straight structural scarp 
which lies so close to the depression, rather suggests that the postulated faulting 
along this line is later in date than much at least of the life of the enclosed swale. 

Three substantial features in the Fumeaux Group seem to be constructional 
submarine forms associated with the marine currents of the lesser straits. Because 
of the predominantly W. wind regime and the Southern Ocean current setting east¬ 
wards, the currents flowing eastwards are both faster and last longer than those 
flowing westwards. Beach and longshore drifting directly due to waves will also be 
preponderantly from W. to E. In consequence there will be a substantial net transport 
of sediment eastwards. The three features to be discussed all significantly lie on the 
E. side of the Furneaux Group. 

At the E. end of Franklin Sound there is a large Tidal delta’ some 7 m. by 5 m. 
across. Through the semi-circular line of sandy shoals, which include Vansittart 
Shoals and the Potboil, there is no passage as deep as 5 f. This encircling ring of 
sediment is deposited where the currents, previously confined to the Sound, spread 
out losing speed and encounter the Pacific swell. 

Beagle Spit, an elongated sandy shoal some 10 m. long and up to 2 m. across, 
runs eastwards from a point a little S. of the E. extremity of the Flinders I.-Sister I. 
swale. In plan and form it appears to be unrelated to bedrock structures in the 
vicinty and is regarded as constructed of sediment brought through the strait on the 
W. and dissipated to the flank of the dissipating current. The current between the 
two Sister I. prevents an exact counterpart on the N., though there are two smaller 
similar features trailing eastwards from the N. and S. sides of E. Sister I. 

Equivalent in size and shape to the Beagle Spit, is the shoal trending eastwards 
from the S. tip of Clarke I. It bears a rather similar relationship to the Banks Strait 
current as Beagle Spit does the race to the N. of Flinders I. It is made up of the 
sandy shoals of Moriarty Bank, East Bank and their continuation but the Moriarity 
Rocks project through its surface. Nevertheless, it is interpreted as a constructional 
feature closely comparable to Beagle Spit. A pertinent objection to this interpretation 
of these eastward trailing spits is that they are different in form from the Frankland 
Sound lunate bar attributed to fundamentally the same cause. However, there are 
differences in the circumstances. In the Franklin Sound case much more shoreline 
feeds into a narrow exit. Proportionately more material will be dumped at the E. 
mouth shallowing wide areas and making the whole delta subject to pronounced wave 
attack. In the other two cases supplies from coastal erosion must be smaller and 
conflicting currents from other straits can interfere. There is only material for 
accumulation in the most favoured locus. At the same time the questions remain as 
to why the E. tips of these submarine spits are streamlined and not blunted by wave 
action from the E. and why no constructional features at all occur in relation to 
Armstrong Channel’s E. exits. More data and more rigorous analysis than can be 
given here are necessary before such questions can be resolved even partially. 
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Other Features 

NE. of Flinders I. lie two areas of low ridges, the full extent of which is not 
known because they are cut off abruptly by the limits of close modern sounding 
(Fig. 7). The amplitude from crest to trough of the E. ridge area is 3-5 f., the W. 
ridges rise more boldly, up to 7-8 f., and their crestlines seem more undulating. The 
sea floor in general is declining gently from SSE. to NNW., the E. area rising from 
the 20-25 f. level, the W. area from depths a little greater than 25 f. The E. group of 
ridges run in crudely parallel fashion WSW.-ENE. along the general slope, with a 
few outer discrepant ones trending NW.-SE. This latter trend is dominant in the 
W. group, which, however, reveal more general branching and inflexion. All bottom 
notations refer uniformly to sand and shells, with an occasional mention of coral, but 
they are placed entirely in the troughs and flats intervening between the ridges. 
Nevertheless, it is extremely likely that the latter also consist of recent sediments 
since if they had been bedrock ridges this would have been too significant for 
navigation to have passed unrecorded in the bottom notations . 

The interpretation of these features is extremely difficult and objections can be 
raised against the conceivable mechanisms. 

1. Tidal Current Origin. Against this is the fact that although the E. group 
is in the main sympathetically arranged with the reversing tidal currents, which pass 
through the straits between the Kent Group and Flinders I., the W. group is disposed 
transverse to them. Moreover, the latter ridges are too complex and sinuous in plan 
for tidal banks. These W. ridges seem to be made up of short hummocks unlike tidal 
banks. Their rounded stubby ends bear little resemblance to the tapering, streamlined 
points of the latter. Also, in both groups the intervening flats are far wider than the 
ridges themselves. Where tidal scour is involved it is more usual for the channels to 
be narrower than the tidal banks themselves. Tidal current origins seem untenable 
for the W. group at least. 

2. Ocean Current Origin. Much the same case can be made against the 
slower, yet more widespread and more persistent Southern Ocean Current as against 
tidal currents. 

3. Wave Construction Origin. Wave-built submarine bars would be much 
more nearly parallel in trend than these ridges. Moreover, the difference of pre¬ 
dominant trend from the E. to the W. group is even harder to reconcile with such 
origins since the wave regime can hardly differ so drastically from the one area to 
the other. More even crestlines than the W. group possess seems required by this 
hypothesis. 

4. Coastal Dune Origin. If the ridges are considered as relics of a Pleisto¬ 
cene low sea level period exposing this part of the shelf, the subaerial features, w'hich 
they most recall, are coastal dune systems. However, although on the lee side of the 
Bassian Rise, they are now out in the open ocean and it is difficult to see how such 
features could have withstood the attack of waves and currents as sea level was rising 
from its last low still stand to its present level. This difficulty seems insuperable 
with quartz sand dunes, less so with calcareous dunes consolidated to aeohamte, for 
Sprigg (1952) maps a submerged aeolianite dune ridge in front of Guichen Bav 
S. Australia (admittedly close inshore). However, the probability is that any dunes 
formed in this area would be quartzose. Calcareous dunes range from W. Australia 
through S. Australia and W. Victoria to NW. Tasmania. From SE. Queensland 
through N.S.W. and E. Victoria to E. Tasmania the coastal dunes are of quartz 
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Fig. 7.—Submarine ridge systems of obscure origin NE. of Flinders 
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sand. The Bass Strait islands constitute the meeting ground of the two systems. 
Aeolianites (‘Helicidae’ Sandstones of Johnston 1877) occur both in the Furneaux 
Group and King I. But in King I. (Jennings 1957) aeolianites are found on the W. 
coast and quartz dunes on the E. coast. 

Moreover, the differences in trend remain to be explained since the low sea level 
shorelines would have run ENE.-WSW. through the whole area. The implication 
would be that the E. group consists of a simple series of coastal foredunes com¬ 
parable to those of the S.E. Province, S. Australia (Sprigg 1952), whereas the W. 
group is mainly perpendicular to the low sea level shorelines and would constitute 
parabolic dunes. The differences in relief to be detected between the two groups may 
correspond in some degree with such a difference in dune character and the plan of a 
few of the W. ridges seems to be parabolic. 

But on present evidence the question of origin remains open and hardly capable 
of resolution without submarine boring. 

Summary 

It will have been recognized that the preceding discussion consists to a consider¬ 
able degree of a critique of previous views on the submarine features of Bass Strait. 
On the rather more assured basis of the fuller bathymetrical data, it is possible to 
confirm many characteristics already recognized, but it has also proved necessary to 
qualify some details and to question seriously certain wider assertions. 

1. It is considered that in this region even modern sounding does not justify 
extremely close contouring of areas of subdued relief. 

2. The major features—Bassian Rise, King I. Rise, Tail Bank, Otway Depres¬ 
sion, Bassian Depression, and Flinders Depression—were all recognized by previous 
workers, but the descriptive terms (rise, depression) are introduced in place of those 
employed earlier (ridge, trough) as being more in keeping with the generally sub¬ 
dued character of the submarine relief concerned. 

3. These major features appear to be tectonic in nature. Palaeozoic trends have 
been both revived and disrupted by later faulting, probably Tertiary in age. Certain 
linear submarine scarps survive which may be in part at least true fault scarps. 

4. The new data support Dannevig’s objection to Noetling’s extension of the Tail 
Bank to the Victorian coast to enclose a Bassian Depression of substantial depth. 
The shallow enclosed basin which does exist is probably due to tectonic subsidence, 
though there is little in the topography of the bounding features to support the claim 
of some authors that the movements are extremely recent geologically. 

5. It is maintained, contrary to Keble, that the Otway Depression is in the main 
very featureless and gives no evidence of a former course of the Yarra fashioned 
during a Pleistocene low sea level. Nor can a Tamar Major course be detected across 
the Bassian Depression, though detailed soundings are still lacking for an important 
central region. This remarkable smoothness of much of the Bass Strait floor is not 
regarded as an argument against Pleistocene exposure to subaerial attack but as 
testimony to wave action in a stormy shelf sea during higher sea levels than those 
which did in fact expose it. 

6. The manner in which many stretches of coast and a number of islands, reefs 
and shoals rise abruptly from a nearly flat sea floor level much below the present 
sea level is regarded as the product of marine action at Pleistocene low sea levels. 
The importance of breaks of slope at 30-35 f. suggests a pronounced stillstand at 
that level. 
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7. Numerous elongated swales in the passages amongst the Furneaux and 
Hunter Groups are interpreted as due to tidal and other marine current action. The 
deepest one N. of Flinders I. is discussed more fully and this one at least is thought 
to be the result of the inhibition of sedimentation by marine currents in a narrow 
gap between granitic masses over a long period of geological time. 

8. Three large features—two submarine spits and a lunate bar—are attributed 
to the deposition of sediment carried through the Furneaux straits from the W. by 
marine currents. 

9. Attention is drawn to two groups of submarine ridges lying NE. of Flinders I., 
though on present evidence little of a positive nature can be said of their morphogeny. 

The understanding of the modern biological distributions of the Tasmanian 
islands can only be established satisfactorily by the study of their Pleistocene deposits 
and those of Victoria. Nevertheless, the bottom topography of Bass Strait is perti¬ 
nent to the comprehension of the migrations involved and it is hoped that this paper 
puts the knowledge of that topography on a firmer basis. In that topography itself 
there are certain points of more than regional interest, perhaps of systematic signifi¬ 
cance. The featurelessness and uniformity of much of its floor, interpreted as the 
result of Pleistocene low sea level erosion and sedimentation, may not be matched 
from many other seas of the world. Also the Strait adds one further deep enclosed 
depression to the comparatively few so far known from the continental shelves. This 
example prompts an elaboration of the genetic notions so far offered for these 
features. 

But the topography on its own raises more questions of morphogenesis than it 
can answer. Geological exploration of the sea floor in Bass Strait is awaited. 
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Abstract 

By means of oxygen isotype assays of Cretaceous belemnites and Tertiary mollusca, palaeo- 
temperature determinations have been made of those periods in Australia. Experience gained in 
this work indicates how a satisfactory general palaeotemperature picture can be obtained by using 
fossils from shelf faunas. The results also contribute to the fixing of the Pliocene-Pleistocene 
boundary. The temperatures determined by this physical method agree well with the evidence 
from biological data. 

Introduction 

The determination of temperatures of the past by assay of the relative amounts 
of 0 18 and 0 16 in organic carbonates was devised by Urey (1947, 1948), and 
developed by him and other workers (Urey et al. 1951, Epstein et al. 1951, 1953). 
Rankama (1954) summarized information on oxygen isotopes available to that 
date. Emiliani has applied this method to the study of Cainozoic ocean temperatures 
in the Atlantic and Pacific Oceans, and in the Caribbean and Mediterranean Seas, 
by the oxygen isotope analysis of deep sea cores (Emiliani 1954 a,b, 1955 a,b,c, 
195 6a, 1957, and with Edwards 1953). Calibration of Quaternary palaeotempera¬ 
ture curves by radiocarbon age determinations has thrown new light on the Pleisto¬ 
cene and Holocene, including the problem of human evolution (Emiliani 1956 b, 
1957). Some of the implications of the Pleistocene temperature curve for eustatic 
changes of sea level have been noted (Gill 1957a). 

In the present study, a series of Australian Mesozoic and Cainozoic fossils was 
analyzed. These had necessarily to be from shelf type deposits, and so from sites with 
a greater variation in temperature than found in the deep ocean habitats. Although 
this research has been largely exploratory, discovering by experience the materials 
that are suitable and those not, the results make a positive contribution to our 
knowledge of the times and area concerned. Detail of the assays is provided in the 
hope that when more is known about this method, it will be possible to interpret the 
results more adequately. 

All the specimens used for isotope assay are the shells of molluscs, except for 
some Cretaceous belemnites. Translucent shell was found best for the present 
purpose. 

Controls 

Two types of control have been used: 

A. Samples from laboratories and sites in the United States of America con¬ 
nected with earlier palaeotemperature measurements. Our standard was the 
powder of a pale brown translucent rostrum of the belemnite Peratobelus 
australis from the Lake Eyre region, Central Australia. This was compared 
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directly by us with Emiliani’s standard PDB II, for which we thank him. 
Wickman’s standard and three small belemnites from the Navesink Forma¬ 
tion, Cream Ridge, U.S.A., were also determined. The latter were kindly 
supplied by Mrs. E. H. Nadeau. The formula used to calculate the tempera¬ 
ture was that of Epstein et al. (1953), viz. 

t (°C.) = 16-5 — 4-38 + 0T48 2 

where 8 was the per-mil difference in the ratios of masses 46 and 44 of the 
sample and our standard, which was found to be equal to Urey’s standard 
PDB 1 to ± 0-5°C. . . I 

The agreement with Wickman’s standard as determined by Emiliani is 
to ^ 0 2 per-mil for 8, whilst the Cream Ridge belemnites are — 1°C. lower 
than the Lowenstam and Epstein (1954) values for four other ^specimens 
from the same formation. As the reproducibility was about 0 - 5°C. in our 
results for the same samples, our carbonate temperatures should thus be 
accurate to within 1°C. 

B. Shells of living mollusca from local marine waters, from Macquarie I. in the 
sub-Antarctic, and from tropical waters to the north. 

Site 1. Hobson’s Bay, at Melbourne, Victoria. 

This suite of shells was chosen early in the investigation to provide a direct com¬ 
parison with the fossil shells in the Yarra Delta alongside. When wider studies were 
undertaken later it was realized that these shells do not provide the best local control 
in that they belong to an estuarine facies, and salinity affects the isotopic constitution 
[cf. Epstein et al. (1951), Epstein and Lowenstam (1953), Emiliani (1955a)]. 
Mr. V. G. Anderson has kindly informed us that from chemical tests of water taken 
at various depths from the lower reaches of the Yarra and Maribyrnong R., the 
water taken from near the bottom usually consists of undiluted sea-water, while 
that taken from just below the surface under low-flow conditions may contain from 
40 to 80% of sea-water, by volume. There would be greater dilution under flood 
conditions. Estuarine molluscs have a wide tolerance of salinity conditions (euryha- 
line). The Fisheries and Game Department of yictoria kindly provided us with 
salinites measured as concentrations of the chloride ion in parts per thousand of 
water taken at the surface and at a depth of five metres in Hobson s Bay monthly 
over a period of five years, and with temperatures taken at the same time at a depth 
of five metres. In Fig. 2B the temperatures for three years are plotted, showing an 
annual variation of 9° to 10°C.; the annual mean is 14 4 C. 

Assuming that the shells are in equilibrium with the sea-water, a correction 
should be made for varying 0 18 /0 16 in that medium. However, in the absence of water 
samples, or where seasonal variation is to be expected (as in the majority of sites 
involved here), an approximate correction only can be attempted by considering the 
normal salinity of the water. Taking the average ocean salinity to be 34 8 per mil, 
as assumed in the equation of Epstein et al. (1953), a change in salinity of -f- 6 

per mil corresponds with a change of about - 1°C., in rough agreement with 
Epstein and Mayeda’s Fig. 3 (1953). 

From the Hobson’s Bay salinities, a maximum mean value of 35 2 per mil can 
be estimated, which means that the shells from site 1 can hardly be more than 1 U 
too low. Whilst this correction is difficult to estimate, and there is variation for the 
different years given of ± 1°C. in the Hobson’s Bay temperatures measured at 3 
metres, the suspicion is that the isotope temperatures are 1° to 2 too low for site 1 
(see Figs. 1, 3). 


LOCALITY MAP 


OXYGEN ISOTOPE PALAEOTEMPERATURE MEASUREMENTS 


75 



PORTLAND 










76 


F. H. DORMAN AND EDMUND D. GILL: 


For Macquarie I., the nearby ocean salinities from the Discovery Reports (1932- 
1938) vary between 33 8 and 34 4 per mil for about 55°S. latitude and 145 to 168°E. 
longitude. As the shells examined were shoreline molluscs, the salinity correction is 
essentially unknown. The agreement, however, considering the possible variations in 
measured temperatures and isotope temperatures, is good (see Fig. 2C). 

For the Moreton Bay (sub-tropical Queensland) Anadara shells, the isotope 
temperatures may be compared with actual measurements given by Hedley (1915) 
and the Oceanographical Station Lists, volumes 5 and 15 (kindly supplied by Mr. 

J. M. Thomson, C.S.I.R.O. Division of Fisheries and Oceanography). The latter 
give the same mean temperature as Hedley, and also Cl — as about 19 per mil 
(34.2 per mil salinity), so that our isotope temperature could be taken to be 1 C. 
too high. As the disagreement with the direct measurement is then 5 to 6°C., the 
suggestion is made that the exposure of the animal to atmospheric oxygen at low tide 
(and possibly also a higher salinity) is responsible. Much remains to be learned on 
this subject, but it is noted that certain barnacles utilize atmospheric oxygen in the 
intertidal period (Barnes and Barnes 1957). Another possible variant of the isotopic 
temperature is the growth habit of the shells. Epstein and Lowenstam (1953) 
showed a difference of 2°C. in living pelecypods and gasteropods from the shoal 
waters of Bermuda. 

No correction has been made for varying C 12 /C 13 , as variation here should not 
introduce any appreciable error. Such corrections have not been made by previous 
workers (Urey, Epstein, Emiliani, et al.) although a paper by Craig (1957) claims 
that errors up to ' 3°C. are possible. 

Another factor that may be worth consideration is the mixing of atmospheric 
oxygen in surficial ocean waters by wave action. 

Molluscs from Hobson’s Bay, provided by Miss J. Hope Macpherson, yielded 
the following oxygen isotope temperatures: 

Specimen 1. Callanaitis disjecta (Perry) .. 

Duplicate assay. 

2. Enmarcia fumigata (Sowerby) 

3. Eumarcia fumigata (Sowerby) 

4. Katelysia rhytiphora (Lamy) 

5. Paradione kingii (Gray) 

6. Polinices conicus (Lamarck) 

Average 

Specimens 1-6 belong to a sandy facies, and come from the sandy part of Hob¬ 
son’s Bay between St. Kilda and Port Melbourne. 

Duplicate or triplicate assays refer to a fresh preparation of CO 2 from the same 
sample powder, and give an estimate of the experimental reproducibility. All dupli¬ 
cates were performed some considerable time after the original assay, the powder 
being stored over silica gel. 

Site 2. The following tropical mollusca were assayed: 

Specimen 7. Cypraea ( Mauritia) depressa Gray 
Funafuti Island . 

8. Nerita polita Linnaeus. 

The white lip of the Cypraea was used for the assay. 

Site 3. Shells from a sub-tropical environment were also used in the control series, 
Anadara from Moreton Bay, Queensland, collected by Mr. F. S. Colliver, being 
assayed. 


10- 4 C 
9.9. 

11 5 * 

11- 5' 
11 O’ 
110 ' 
10 7 
110 ' 


c. 


20- 6°C. 

21 - 2 ° 


Specimen 9. Anadara aff. trapezia (Deshayes) 


.. 15 8°C. 
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This lamellibranch is an intertidal estuarine form, and lives half buried in mud (see 
Hedley 1915, Fig. 14). The oxygen isotope temperatures calculated from assays of 
shells of this genus (both extant and fossil) are consistently low. This suggests that 
there is a factor associated with the biology of this animal. As Anadara spends half 
its time at a mud-estuarine water interface, and the other half at a mud-air interface, 
its mode of life may well account for the results obtained. Reference has already 
been made to the variation in the isotope temperatures of molluscs in the shoal waters 
of Bermuda (Epstein and Lowenstam 1953). It has been learned from the present 
series of assays that variation in isotope temperature may occur from species to 
species and genus to genus. The results from a given genus are internally consistent 
but are offset by a given factor from assays made on certain other genera. Thus one 
may speak of Anadara temperatures, Ostrea temperatures, and so on (cf. Epstein 
and Lowenstam 1953). Therefore, more consistent results can be expected by select¬ 
ing a suitable genus and doing all the required assays on specimens from it, using 
where possible the same species, or at least species from the same facies. Such a 
procedure will give sounder relative temperatures, but for absolute temperatures the 
mean of a number of representative species should be taken. As Epstein and Lowen¬ 
stam (1953) have indicated, “no single species can be used for determining the 
average palaeotemperatures or the palaeotemperature ranges”. 

Anadara specimens often appear in the succeeding series of Quaternary fossils 
used for assay because it is a stenothermal form, locally at the extreme of its range, 
and so useful in tracing changes in mean temperature. Anadara trapezia is so plenti¬ 
ful in intertidal mud flats at Port Jackson that it is commonly known as the Sydney 
Cockle. In Port Phillip it is rare and found only below low tide, because it is at the 
southern extreme of its range and is unable to withstand the low winter temperatures 
on exposed mud flats. Only 5,000 years ago, however, the species was present in 
millions in Port Phillip, as crowded fossil beds (dated by radiocarbon) clearly 
indicate (Gill 19556,c, 1956). During the colder periods the species was locally 
absent, while in warmer periods it migrated as far south as Flinders I., NE. Tas¬ 
mania. There is a specimen of Anadara from Flinders I. in the Dennant Collection 
in the National Museum of Victoria. It is very worn and may have been collected 
from the beach. Mr. R. W. T. Wilkins collected a worn Anadara from the beach at 
Opossum Boat Harbour, E. of Lady Barron. 

Site 4. Macquarie I. Shells from the sub-Antarctic provided control specimens from 
a colder regime. 

Specimens 10-12 are all Nacella delesserti Philip, a limpet. The three specimens 
gave tempertures of 2 6°, 3 0°, and 3 7°C. respectively. The first two were encrusted 
with algae and serpulid calcareous tubes, but these were removed before assay. The 
algae gave a greenish powder which yielded 0 18 /0 16 temperatures of 11° and 16°C. 
These high temperatures are undoubtedly due to the organic matter in the samples. 
As a shoreline mollusc, Nacella would presumably be exposed to the air for a part 
of each day, and so it is not an ideal shell on which to make temperature measure¬ 
ments. However, it was the only species available at the time. Mr. P. G. Law, 
Director of the Antarctic Division, kindly supplied sea-water temperatures from 
Macquarie I. taken daily at 10 a.m. from May 1951 to March 1952, and these gave 
a mean of 5 3°C. (see Fig. 2C). 

The results from the controls are summarized in Table 1. 

That these four controls are in the correct order, and related to actual temperatures 
recorded (see Fig. 2) indicates that the method is dependable, in general at any 
rate. The results are relatively correct, but in absolute figures are consistently lower. 
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Fig. 2. —Recorded temperatures and Hobson’s Bay Salinity. 
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Zone 

Oxygen isotope 
temperature 
°C. 

Direct 

Measurement 

°C. 

Tropical. 

20 9 


Sub-tropical (Queensland) 

15*8 

20-9 (Hedley 1915, Rochford and 



Spencer 1952-3) 

Temperate (Victoria) 

110 

14 4 (Fisheries and Game) 

Sub-Antarctic (Macquarie I.) .. 

31 

5-3 (Antarctic Division) 


These differences can probably be explained by corrections for salinity, absorption . 
of atmospheric oxygen, and growth habits of the molluscs. 

Fossils 

The first suite of fossils is from a grey clayey silt formation of the Yarra Delta, 
which extends for some miles up the Maribyrnong and Yarra R. The geological age 
of mid-Holocene has been confirmed by a radiocarbon dating which was carried out 
on a piece of wood bored by marine borers found in a shell bed at the top of this 
formation at a locality about 7 m. from Hobson’s Bay on the Maribyrnong R. The 
date obtained was 4,820± 200 years (Gill 1956). 

The facies involved with all these specimens is estuarine, and so the salinity 
would not be a normal marine one. Mr. A. C. Collins examined some of the matrix 
from the Appleton Dock site (see Fig. 3) and recognized the following foraminifera: 
Streblus aff. beccarii (Linnaeus), Elphidium incertum (Williamson), Elphidium sp. 
The presence of these genera to the exclusion of normal marine genera is characteris¬ 
tic of the estuarine facies. 

Site 5. The Yarra Delta (detail in Fig. 3). 

Specimen 13. Anadara trapezia (Deshayes). West Mel¬ 
bourne Swamp. Lives three-quarters buried 
in estuarine mud, usually between tidemarks 

14. Anadara trapezia. From 17 ft. below the sur¬ 
face at the Gas Works, West Melbourne. 

Presented by Mr. R. Boyes . 

15. Anadara trapezia. From excavation for Apple- 
ton Dock, Melbourne. Collected by E. D. Gill 

16. Anadara trapezia. From Newport, suburb of 

Melbourne. 

17. Anadara trapezia. From between 6 and 12 ft. 

below the surface at about the centre of Fisher¬ 
men’s Bend, R. Yarra, Melbourne. Presented 
by Mr. J. F. Hill . 

18. Fasciolaria australasia (Perry). Crawls on 

rocks below low water. From same locality 
as specimen 16. 

19. Pecten fmnatus Reeve (formerly called P. 

medius). Lives on sea floor. From West Mel¬ 
bourne Swamp. 

Duplicate assay. 

20. Polinices sordidus (Swainson). Formerly 
called P. plumbeum. Lives on sea floor. From 
West Melbourne Swamp; collected by Dr. 

G. B. Pritchard. 
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6 - 8 ° 

8- 4° 

9 9° 

10 - 2 ° 

91° 

9- 5° 

11-9° 
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21. P. sordidus. From Olympic Park, Melbourne. 

One of the fossils mentioned by Pritchard 
(1910) .110° 

22. P, sordidus. From left bank Maribyrnong R. 
Essendon, near Maribyrnong Park. Collected 

.by E. D. Gill.11-4° 


The grey clayey silt in which these fossils were found forms a surficial layer of 
20 to 30 ft. in the Yarra Delta, and overlies an oxidized marine formation of similar 
material on which a terrestrial physiography has been eroded and at the surface of 
which a fossil soil is sometimes preserved. Channels extending to 100 ft. below 
present low sea level are known in the oxidized formation, and these channels are 
infilled with the grey clayey silt, which has little bearing weight and is a problem to 
engineers. In the lower part of these channels there are few shelly fossils, but 
estuarine diatoms are found which include forms not found in the higher part of the 
formation. Only in the top part of the formation is Anadara found. The low channels 
were cut during the last lower level of the sea (Mankato) as shown by radiocarbon 
dating as well as the general geology (Gill 1955 a,b,c. 1956, 1957a). The sediments 
in the bottom of the channel were therefore probably laid down during times colder 
than the present, while the top part of the formation was laid down in times slightly 
warmer than the present, judging by the abundance of the stenothermal lamelli- 
branch Anadara. The lower the level from which shells in this formation come, there¬ 
fore, the lower probably was the mean temperature. This may account for some of 
the differences of temperature observed in the present series. E.g. taking the Anadara 
temperatures, the variation relative to depth is as follows: 


Surface (Specimen 13).10 0°C. 

6-12 ft. (Specimen 17). 9-9° 

17 ft. (Specimen 14) . 9-2° 

Excavation of unrecorded depth (Specimen 16). 8-4° 

Near bottom of formation (Specimen 15). 6-8° 


Specimen 16 is fitted into this series according to where its oxygen temperature 
indicates, but it is significant that the other four temperatures are related to the 
depth at which the specimens occurred in the formation (see Fig. 4), although it 
should be observed that the difference between specimens 13 and 17 is not significant. 


S.L. 


Hobsons Bay 


numerous ANADARA 


rmicl-holocene grey . .. 
marine clayey silt ./.v. 


NO ANADARA • • 


/ / / / FOSSIL SOIL / / / / 

/ yellow oxidized marine clayey silt 

< < / N /Ny.v.^ < / N / N / N /, / N / N \ / 

//“ /U / V /v // // /^ /\ / / // / /U // // // // / / 

/\ MANKAT0 CHANNEL N \ \ \ \ \ \ \ <°°‘ 


Fig. 4. —Diagrammatic geological cross-section of Hobson’s Bay. 
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The three specimens (nos. 20-22) of Polinices come from widely dispersed sites 
but all from the top of the formation, so that the temperatures are relatively high. 

As a future experiment it would be interesting to take a series of specimens of 
the same species from various levels at the same site in the grey clayey silt of the 
Yarra Delta in an effort to trace the rise in temperature that accompanied the 
Flandrian transgression. 

Upper Pleistocene Fossils 

Site 6. Port Fairy. The ecology of this site contrasts with that of the estuarine 
facies of the Holocene fossils just discussed. The Port Fairy shell bed is a beach 
deposit of the open coast, protected only by reefs of basalt which extend out into the 
sea. The site has been described, and its age shown to be beyond the range of radio¬ 
carbon (Collins 1953, Gill 1953, 1955c, 1956). It is thought to be Sangamon in age. 
The shells of the old beach are mostly broken, and mixed with basalt boulders and 
sand. Some of them are rock shells and some sand shells. This fossil beach is 


approximately 25 ft. above the present one. 

Specimen 23. Cellana tramoserica (Sowerby). 8-2°C. 

24. Floraconus anemone (Lamarck) .. 10-8° 

25. Mactra australis Lamarck. 9-5° 

26. Mactra pura Deshayes .11-4° 

27. M. pura Deshayes . 9-4° 

28. M. pura Deshayes . 9-5° 

29a. Ninella torquata (Gmelin) . 8-6° 

29b. N. torquata (Gmelin). Different part of same 

shell as 29a. 9-3° 

30. Scutus antipodes Montfort. 9-5° 


Mactra is a sand shell, while Cellana, Ninella , and Scutus are rock shells, 
generally intertidal. Floraconus lives in rock pools under rocks or partly buried in 
sand near low water or below. It is a lower littoral mollusc that frequents the open 
coast or bays where there is some shelter, but it is not estuarine. 

The biological evidence suggests warmer waters than the present because of the 
occurrence of sub-tropical genera of foraminifera (Collins 1953), and the gasteropod 
Ninella torquata which is now extinct on this coast but lives further north. The 
physical evidence from oxygen isotope assay of foraminifera from deep sea bore 
cores (Emiliani 1955a, Suess 1956) suggests that the Sangamon temperatures were 
similar to those of postglacial time. The biological evidence in Australia agrees with 
this, as also do the present analyses in that the average for the mid-Holocene beds 
is 9 8°C. and those for Port Fairy 9 6°C. The results are fairly consistent, except 
that specimens 26 and 27, although of the same species, vary by 2°C. 

It is suspected that either contamination has occurred, or the analyses are more 
variable than they should be. 

Site 7. Emerged shell beds, Altona, Victoria (see Fig. 3). 

This deposit has been described by Hills (1940), but its dating is still uncertain. 
In fact, it appears likely from recent researches that two ages may be involved, viz. 
Pleistocene beds over which are mid-Holocene beds such as seen in the excavations 
for the bridge in Miller’s Road over the creek that drains Lake Seaholme. Both 
deposits contain Anadara. The fossils analyzed are as follows: 


Specimen 31. Flavomala biradiata (Wood) . 4-2°C. 

32. Katelysia rhytiphora (Lamy) . 8 0° 
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33. A second shell of the above species .. .. 8-2° 

34. Poliniccs conicus (Lamarck) . 6-8° 

35. Pseudarcopagia victoriae (Gatliff and Gabriel) 7-8° 

All these molluscs belong to a sand facies. The Flavomala temperature appears to 
be erroneous, and the Poliniccs temperature is low. These could only be correct if 
they represent the advance of the sea from the previous glacial low sea level. The 
above results, and the observations made in the interim by one of us (E.D.G.) 
indicate that a more critical study of the stratigraphy of the Altona shell beds is 
required. 

Site 8. Two Mile Bay, W. of Port Campbell, Victoria (Baker and Gill 1958). 

This site consists of an emerged marine platform 10 to 11 ft. above the present 
one, both being cut in consolidated Miocene marine yellow earthy limestone. On the 
fossil platform are beach sands with marine shells, all now covered by lagoonal and 
dune deposits, as well as talus materials from the former marine cliffs behind the 
platform. A radiocarbon analysis was made for a specimen of Ninella torquata, which 
is a warmer water shell not now living on this coast, but it was beyond the range of 
this dating method. Because of the radiocarbon date and evidence of a lower sea level 
since the platform was cut, the feature is thought to be of Sangamon age. The fossils 


of which oxygen isotope analyses were made are: 

Specimen 36. Cellana tramoserica (Sowerby).10-4°C. 

37. Dicathais textiliosa (Lamarck). 7-7° 

38. Ninella torquata (Gmelin). 8-6° 


These are all gasteropods which live on a rocky substrate, between or near tide- 
levels. There is no obvious reason for the disparity between these results. 

Lower Pleistocene Fossils 

The Werrikooian Stage (Singleton 1941) has been placed by some in the Upper 
Pliocene and by others in the Lower Pleistocene. Now that the Plio-Pleistocene 
boundary has been fixed by international convention, it is possible to determine 
where the Werrikooian Stage should be placed. It is considered to belong to the 
Lower Pleistocene (Gill 19576). 

Site 9. “Singleton’s Outcrop”, on the right bank of the Glenelg R. near Myaring 


Bridge, N. of Nelson, Victoria (Singleton 1941). 

Specimen 39. Dosinia sp. (large) .12-3°C. 

Duplicate assay. .. .. 12-2° 

40. Dosinia sp. smaller shell than specimen 39 .. 8-7° 

41. Glycymeris pseudaustralis Singleton .. .. 8-2° 

42. Glycymeris sp. 9-2° 

43. Glycymeris sp. Different shell from 

specimen 42. .. 8-5° 

44. Glycymeris sp. 5-5° 

Duplicate assay. 5-2° 

45. Glycymeris sp. 6-9° 

Duplicate assay. 7-8° 

46. Katelysia sp. 8-2° 

47. Limopsis iverrikooensis Singleton .. .. 8-2° 

48. Ditto. Different shell from specimen 47 .. 8-2 8 

49. Ostrea sinuata Lamarck .11-4° 
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50. Placamcn subroborata (Tate).11 T° 

51. Scaeoleda crassa (Hinds). 5-3° 

52. Ditto, different specimen . 5-9° 


These specimens belong to a sandy or muddy sand environment, and were col¬ 
lected by E.D.G. The palaeotemperature results for some of these specimens (e.g. 
44-45, 51-52) appear to be too low; a check assay of specimen 44 confirmed the 
earlier measurements, while that on specimen 45 gave a higher temperature. The 
reasons for the variations are not understood. It would appear that either there has 
been ionic exchange and/or the shells represent different levels in the deposit having 
different temperatures, and/or the species have different growth habits. The first 
possibility is real in that many of the shells at this locality were chalky and somewhat 
altered. Nevertheless, those selected for assay appeared to be well preserved. The 
shells used have been kept, so that later checks can be made if deemed desirable. As 
they stand, the palaeotemperatures obtained give an average of 8 4°C. 

In review of the Quaternary isotope palaeotemperatures, it may be concluded 
that without corrections the isotope assays cannot follow the small changes of 
Quaternary mean temperature when based on littoral mollusca. The seasonal changes 
are so great as to mask the small changes in mean temperature effected by changes 
in Quaternary climate, and the growth habits of the molluscs concerned are unknown. 

Upper Pliocene Fossils 

Site 10. The Maretimo Member of the Whaler’s Bluff Formation consists of beds 
similar lithologically to the Werrikoo Member and immediately underlying them 
without any discernible sedimentational break. The name was included by Boutakoff 
and Sprigg (1953) in a stratigraphical table, but no definition has yet been pub¬ 
lished. However, the authors have indicated (personal communication) that the 
section on which it is based is in Dutton Way on the N. side of Portland, Victoria. 
The Werrikoo Member (as defined by Singleton 1941), when traced to the coast, 
is found to have beneath it similar and conformable beds which have now been 
called the Maretimo Member. The following fossils collected by E.D.G. were used 


for 0 18 /0 16 analysis: 

Specimen 53. Ostrea sinuata Lamarck (mud oyster) .. 13-9°C. 

Duplicate assay (translucent flakes of shell 
were used) .13-6° 

54. Ostrea sinuata Lamarck.13-0° 

55. Another shell of the same species .. .. 13 T° 

56. Another shell of the same species .. .. 13 0° 

57. Aloidis (Notocorbula ) cf. coxi (Pilsbry) .. 11-8° 

58. Another shell of the same species .. .. 11-8° 


These shells are of muddy sand to sand facies. Epstein and Lowenstam (1953) 
found that at Bermuda some species grew their shell “during the large fraction of 
the temperature range”, while other species retain shell growth mostly for a given 
temperature range. Such effects could be present in specimens 54 to 58 where there 
is a consistent difference in the assays from the two species of lamellibranchs. The 
mean value for the assays of Maretimo shells is 12 8°C. 

Although the Maretimo and Werrikoo Members are similar in facies and preser¬ 
vation, and are stratigraphically conformable, there is a definite temperature dif¬ 
ference. The highest temperatures of the Maretimo series are higher than those of 
the Werrikoo, the average is higher (even omitting the temperatures in the Werrikoo 










85 


OXYGEN ISOTOPE PALAEOTEMPERATURE MEASUREMENTS 

series that appear to be too low), and what is probably the most significant, tem¬ 
peratures for shells of the same species are higher, viz. Ostrea sinuata gives an 
isotope temperature of 1L4°C. for the Werrikoo and 13-2°C. (average of five 
assays of four specimens) for the Maretimo. This is of particular interest because on 
biological evidence the base of the Werrikoo was selected as the base of Pleistocene 
(Gill 1957&), i.e. the approximate time at which the lowering of mean temperature 
at the end of the Tertiary reached a point comparable with the present before 
descending into the cold of the initial Pleistocene glaciation. The physical evidence 
from the oxygen isotype palaeotemperatures thus fits the biological evidence. 


Lower Pliocene Fossils 

A considerable period of time separates the Maretimo and Kalimnan. No stages 
have yet been established for this time, and no beds of this age are known in Victoria. 
The reason may be that this was the time of major uplift during the Kosciusko 
movements (David ed. Browne 1950). However, marine beds on Flinders I. in Bass 
Strait may represent part of this period between Maretimo and Kalimnan. 

In the present series, molluscs from the type Kalimnan beds at Lakes Entrance 
(see Singleton 1941), and from the well-known beds near Hamilton, were assayed 
for their palaeotemperatures, as follows: 

Site 11. Jemmy’s Point, Lakes Entrance, Gippsland, Victoria. 


Specimen 59. Bassina paucirugata (Tate) .10-8°C. 

60. Eucrassatella kingicoloides (Pritchard) .. 9-5° 

61. Another specimen of same. 7-9° 

62. Third specimen of same. 71° 

Duplicate assay. 6-9° 

Another part of same shell. 7 T ° 

63. Placamen subroborata (Tate).10-4° 


Site 12. Upper bed, Forsyth’s Bank, Grange Burn, near Hamilton, W. Victoria 


(locality 6, Gill 1957c, page 144). 

Specimen 64. Cleidothaerus cf. albidus (Lamarck) .. .. 8-7°C. 

65. Ostrea manubriata (Tate) Shell discloured 

but hard.13-2° 


Site 13. Upper bed, Muddy Creek, near Plamilton, Victoria (locality 1, Gill 1957c, 


page 144). 

Specimen 66. Bassina paucirugata (Tate) .11-4°C. 

67. Glycymeris ( Tucetona ) convexa (Tate) .. 10-7° 

68. Glycymeris halli Pritchard.10-7° 

69. Sunemeroe gibberula (Tate) .11-4° 


There is a great deal of variation in the results from Lakes Entrance. The beds 
there are more exposed to leaching agencies than at Hamilton where the beds are 
protected by a shield of basalt. The evidence from the foraminifera (Parr 1939), 
and the wealth of the gasteropod Tyl&spira and the echinoderm Arachnoides indicate 
waters a little warmer than the present. The Ostrea temperature is consistent with 
the others obtained so far, and the two Glycymeris temperatures are clearly higher 
than those of the Werrikooian, even when some allowance is made for possible ionic 
contamination. The Eucrassatella temperatures are variable and low, yet internally 
consistent when checked, viz. the three determinations on specimen 62. 
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Upper Miocene Fossils 

Site 14. Fossiliferous marine strata exposed in sea cliff at Beaumaris, Victoria, viz. 
the type locality of the Cheltenhamian Stage (Singleton 1941, Gill 1957c). The up¬ 
per beds have been “lateritized” and this makes it difficult to obtain shells suitable for 
isotope assay even from the least affected stratum at the base of the cliff. Beneath 
8 ft. of more recent windblown sands, there are 19 ft. of ferruginous sandstones, 
then 17 ft. of mottled to fawn marly sand to sandy marl, under which again are 
3 ft. of brown sandstone with numerous shells (many powdery) in the vicinity 


of highwater level. 

Specimen 70. Glycymeris halli intermedia Pritchard .. 14 2°C. 

Duplicate assay.13-2° 

71. Monia cf. tone (Gray) .11-7° 

72. Another specimen of same species .. .. 11-2° 

73. Ostrea sp.14-3° 


The thinness of the shell in Monia may be a factor in the lower temperature 
obtained for specimens 71 and 72. The results from the other genera are consistent. 

The biological evidence for the warmer temperature of the sea of this time is 
provided by the numerous sharks and rays, the numerous echinoderms Lovenia, 
Arachnoides and Clypeaster, molluscs such as Cucidlaea and Tylospira, and fora- 
minifera such as Amphistegina and Orbulina. 

Site 15. Marine strata exposed in left (E.) bank of the Tambo R. just S. of the 
Princes Highway bridge at Swan Reach, Gippsland, Victoria. The age of site 15 has 
been given at Mitchellian (Crespin 1943) which may be equivalent to Chelten¬ 


hamian, or partly so. 

Specimen 74. Chlamys antiaustralis (Tate).16-7°C. 

75. Another shell of the same species .. .. 16-7° 


The assays are internally consistent, but higher than those for shells of the same 
or similar age. It is noted that the palaeotemperatures for Chlamys in the Balcombian 
sequence are likewise the highest. The explanation may well be biological. 


Middle Miocene Fossils 

Site 16. Limestone formation at Bairnsdale, Gippsland, Victoria. 

This formation is the type of the Bairnsdale Substage (Balcombian Stage) of 
Crespin (1943&), which the writers prefer to regard as a stage, retaining the term 
Balcombian for the beds at Balcombe Bay as originally defined by Hall and Prit¬ 
chard (1902), then more rigidly defined by Singleton (1941). The following speci¬ 
mens were taken from the Sweet Collection in the National Museum of Victoria: 


Specimen 76. Hinnites corioensis McCoy 

Duplicate assay. 

77. Ostrea sp. 

Other assays of the same shell gave 

78. Ostrea sp. Different shell .. 


11 -2°C. 

11 2 ° 

10 - 8 ° 

9-2° and 9-4° 
16-5° 


16-6° 


79. Spondylus pseudoradulus McCoy 
The facies is a limestone one, i.e. mostly organic carbonate and with but a small 
percentage of terrigenous sediment. There has been transport of minerals so that no 
aragonitic fossils remain, and there is a good deal of cementation by secondary 
calcium carbonate. The shells used are all calcitic ones, as preserved. 
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Site 17. Beach of Corio Bay at North Shore, Geelong, Victoria. 

Dr. O. P. Singleton has kindly advised that in his opinion this site is also Bairns- 
dalian in age. The following calcitic shells were assayed: 

Specimen 80. Hinnites corioensis McCoy.15-7° C. 

81. Serripecten yahlensis (McCoy).13-9° 


Lower Miocene Fossils 

Site 18. Balcombe Bay near Mornington, Port Phillip, Victoria. This is the type 
area for the Balcombian Stage (Singleton 1941 and references). 

Specimen 82. Spondylus pseudoradulus McCoy .. 13-8°C. 

83. Chlamys sp.16-8° 

Duplicate assay .. .. .16-8° 

The matrix at Balcombe Bay is a calcareous siltstone. The aragonitic shells, 
although morphologically perfect, show a degree of alteration, but the calcitic shells 
appear to be unchanged. The palaeotemperature for specimen 82 is probably too low, 
both by reason of the results from assays of other specimens (e.g. a shell of the same 
species from the Middle Miocene of Bairnsdale gave a temperature of 16 6°C.), 
and by reason of the biological evidence. The latter indicates a tropical climate in 
Victoria during the period concerned, viz. numerous and large tropical foraminifera 
such as Lepidocyclina (Crespin 1943a) ; echinoderms such as Brochopleurus, Phylla- 
canthus, Eucidaris (Fell 1954), Clypcaster, and Lovenia; the mullusca include some 
two dozen species of cowries (including giant forms), some three dozen species of 
ornate gasteropods of the Murex type, many of the Columbella type, and other 
tropical genera such as Argobuccinum. 


Site 19. The lower marine formation along Muddy Creek, and in places on Grange 
Burn, near Hamilton, Victoria (for map see Gill 1957c). The “lower beds”, as they 
are called in the literature (= Muddy Creek Marl), underlie a formation of Kalim- 
nan age {— Grange Bum Coquina), while in between is a layer of phosphatic nodules 
with evidence of a disconformity. The lower beds are referred to the Balcombian 


Stage (Singleton 1941). 

Specimen 84. Chlamys murrayanus (Tate) .. 20T°C. 

85. Glycymeris cainosoica (Woods).16-8° 


The former shell is partly calcitic and partly aragonitic, while the latter is arago¬ 
nitic. While there is 33°C. difference between these two assays, the generally higher 
temperatures for the mid-Tertiary are maintained. 


Site 20. Cement company’s quarry at Batesford, about 4 m. NW. of Geelong Vic¬ 
toria. This is the type locality for the Batesfordian Stage (see Singleton 1941) 
There has been some discussion as to whether or not this Stage is but a facies variant 
of the Balcombian. However, siltstone with a fauna referred to the Balcombian 
overlies the Batesford Limestone, so that if there is any contemporaneity, the Bates¬ 
fordian is equivalent to but part of the Balcombian. The following specimens from 
the Batesford Limestone were assayed : 


Specimen 86. Chlamys murrayanus (Tate) . 

87. Linthia sp. . 

Triplicate assays . 

88. Phyllacanthus duncani Chapman and Cudmore 

Duplicate assays. 


21 1°C. 

21-3° 

20-8° and 20-6° 
13-5° 

14 0° 


G 
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All these specimens are calcitic. The cidarid remains ( Phyllaccmthus ) were 
included in the series because they are a warm water indicator, but since they were 
selected, Rasmussen (1956) has pointed out that echinoids are unsuitable for oxygen 
isotope palaeotemperture measurements (see also Urey 1948b). The results for 
specimen 88 may therefore be left out of consideration for the present. The high 
isotope temperature is in keeping with the masses of Lcpidocyclina and other tropical 
foraminifera found in the Batesford Limestone (Crespin 1943a). 


Oligocene Fossils 


Site 21. Formation exposed in the sea cliffs at and in the vicinity of Bird Rock, near 
Torquay, Victoria. This is the type locality for the Janjukian Stage (see Singleton 
1941 and references, Raggatt and Crespin 1955). All the specimens assayed from 
this site are from the Jan Juc Formation of Raggatt and Crespin. 

Specimen 89. Chlamys sp. (i in. diameter) .16-8°C. 

90. Chlamys sp. (li in. diameter).16 8° 

91. Cucullaea corioensis McCoy .16-5° 

Duplicate assay.16-0° 


92. Eotrigonia cf. intersitans . 

93. Glycymeris ornithopetra Chapman and 

Singleton . 

Duplicate assay. 


13- 3° 

14- 2° 
13-9° 


94. Graphularia robinae McCoy. Hard white 

interior used. 

95. Spondylus gaderopoides McCoy 

96. Another specimen of same species. Hard 

white outer layer used. 


23-9° 

16- 3° 

17- 5° 


Of the above skeletons, the following are aragonitic— Chlamys (in part), 
Cucullaea, Eotrigonia, and Glycymeris, while the following are calcitic Chlamys 
(in part), Graphularia, and Spondylus. 

The Graphularia from both sites 21 and 22 yielded isotope temperatures higher 
than the other animals. The reason could well be biological, as the animal is an 
octocorallian coelenterate and lives partly buried in the sediments of the sea floor. 
The aragonitic molluscs Glycymeris and Eotrigonia appear to be on the low side, but 
the rest are uniform. 


Site 22. Lime quarries on the S. side of the Princes Highway at Waurn Ponds, W. 
of Geelong, Victoria (see Quarter Sheet 28 NE., Geological Survey of Victoria, and 
Coulson 1930). 

Specimen 97. Chlamys sp.22-8°C. 

98. Graphularia robinae McCoy .23-6° 

99. Ostrea sp. 

Duplicate assay. 

The fauna of site 22 is considered to be Janjukian, i.e. of the same age as the Jan 
Juc Formation at Torquay. 

Eocene Fossils 

Site 23. Brown’s Creek, Cape Otway district (see Singleton 1941). 

Specimen 100. Cidaroid spine.13-4°C. 

101. Notostrea tarda (Hutton).12*7* 

Duplicate assay.13-2° 

Both the above specimens are calcitic. 
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Site 24. Hamilton Creek, Cape Otway district (see Singleton 1941). 


Specimen 102. Notostrea tarda (Hutton).13-8°C. 

103. cf. Serripecten yahlensis (McCoy) .. .. 13-0° 


The palaeotemperatures are consistently lower than for the Middle Tertiary, and 
they are internally consistent. 

Paleocene Fossils 


Site 25. Beds at Pebble Point, Otway Coast, Victoria. This is the same formation as 
represented by Wilkinson’s No. 6 locality. For maps and discussion see Singleton 
(1941), and Baker (1943). Although the fossils concerned have been described as 
Eocene, they are now widely thought to be of Paleocene age. They are older than 
those from sites 23 and 24. 


Specimen 104. Lahillia australica Singleton .10-6°C. 

105. Another specimen of the same species from a 

different collection.1T8° 


Material suitable for assay is not readily obtainable from this site, but further 
palaeotemperature determinations are desirable before a conclusion is reached. How¬ 
ever, on the present evidence the mean temperature in the Paleocene in the Otway 
area was less than in the Eocene and represents a further decline from the mid- 
Tertiary tropical climate. 


Review of Tertiary Palaeotemperatures 

In spite of the many difficulties encountered in this investigation, the general 
results present a clear picture of higher temperatures in the mid-Cainozoic, but 
falling away from this peak in both the earlier and later Cainozoic. This is shown by 
the graphs in Fig. 5. The lines representing the palaeotemperatures yielded by the 



Fig. 5.—Tertiary oxygen isotope temperatures. 
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oysters (Ostrea and Notostrea), scallops ( Chlamys ) and Glycymeris present the 
same picture, but no series is complete. The experience gained by this group of assays 
indicates that where possible the one genus (a calcitic one for preference) should be 
followed right through the stratigraphical succession as far as possible. 

When this w r ork was first initiated, a series of “Naticat’ shells from every geo¬ 
logical period from the Eocene to the present was selected, but it was found that 
although the shells were morphologically complete, many had been altered by ionic 
exchange. 

Cretaceous Fossils 

During the Cretaceous Period, the Australian region was trisected by a central 
sea as shown in Fig. 6. 



Fig. 6.—Cretaceous palaeogeography. (After David ed. Browne 1950.) 


All the specimens assayed came from this central sea, and not from the geo¬ 
synclinal areas that bordered the Australian region. The specimens from the Lake 
Eyre district are belemnites (Glaessner 1957), and were used not only to determine 
the general level of temperature, but also to show the variations in temperature dur¬ 
ing the life of the animal as exhibited by the changing 0 18 /0 16 ratios in the successive 
layers of the skeleton. The results of the latter project are summarized in Fig. 7 
where the isotope temperatures of the successive sections (as marked by dark 
rings— see PI. VIII) are~pIofted. In Fig. 7C, e.g. the earlier stage of growth 
represents a maximum temperature, and there are succeeding lower temperatures 
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till half-way through the shell, where they rise again to the maximum at the external 
surface of the shell. The following specimens were assayed: 

A. Central Australia —Lake Eyre district, approximately 28° S. 

Specimen 106. Peratobelus oxys (Tenison-Woods), Primrose 


Springs. Middle Lower Cretaceous (Aptian) 13-8°C. 

107. Dimitobelus dtptychus (McCoy), ‘‘Wood Duck 

Creek and Peake Station” .. .. .. 15-0° 

108. Peratobelus australis (Phillips), “Lake Eyre”. 

Middle Lower Cretaceous (Aptian) .. .. 16-5° 

109. Belemnite from Lake Eyre, 10 mm. diameter 13-7° 

110. Ditto 8 mm.12-2° 

111. Ditto 9 mm.13-7° 


A cross-section of specimen 108 was our standard sample. Duplicate assays gave 
—0 31 per mil and —0 22 per mil relative to Emiliani PDB II = 0 28 dt 0-10 per 
mil on Urey’s scale of PDB I = 16 5°C. (Epstein et al. 1953). The mean value 
of 8 was taken as —0-27 = 0 28 ± 0T0 per mil (PDB II). Our standard relative 
to Wickman’s standard gave —15 3 and —15 6 per mil. Emiliani got —15 38 ± 
0 10 per mil for Wickman’s standard relative to his on Urey’s scale. 

B. Queensland —Roma district, approximately latitude 26°S. 

Specimen 112. Maccoyella sp. 5 m. SE. of Roma. Middle 

Lower Cretaceous (Aptian).21T°C. 

These palaeotemperature determinations are for a different area from that which 
yielded the Tertiary specimens. Direct comparisons are therefore not possible. 

C. U.S.A.—Shank Farm, Cream Ridge, New Jersey. Three small belemnites 
collected by Dr. H. Richards and Mrs. E .H. Nadeau from the Upper Cretaceous 


Exogyra costata zone. 

Specimen 113. Belemnite 8 mm. diameter.16T°C. 

114. Belemnite 8 mm. diameter.15-5° 

115. Belemnite 10 mm. diameter .16-7° 


These results may be compared with those of Urey et al. 1951, p. 412, whose 
value was 15 7°C., which may be low by 1 to 2°C. (p. 416). Lowenstam and 
Epstein (1954, p. 221) got 17 5°C. for four Cream Ridge belemnites. 

A series of isotope palaeotemperatures taken at intervals through a rostrum from 
Wood Duck Creek (Fig. 7A) gave a simple curve. However, a specimen from 
Primrose Springs gave a double curve, as also did one from Lake Eyre (Fig. 7C). 
Urey et al. (1951), for a specimen of approximately the same size as that giving the 
curve Fig. 7C, obtained four highs and four lows in their curve (interpreted as four 
summers and four winters) whereas the writers obtained three summers and two 
winters. No significance is attached to this difference, nor do we think that our 
wider sections have obscured any seasons. 

Lowenstam and Epstein (1954, p. 224) give an isotope analysis of a belemnite 
from the Tambo Series (Upper Albian) of the Hughenden District, Queensland. 
The isotope temperature is within the range of those obtained by us. 

Permian Fossils 

Professor K. E. Caster and one of us (E.D.G.) suggested that the great abun¬ 
dance of calcic matter in certain Permian beds in Tasmania, and the presence of large 
numbers of large, thick, calcareous shells, might well mean that the sediments were 
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laid down in warmer interglacial times and not during glaciations as locally proposed. 
It was difficult to find calcareous material in the glacial beds, but a specimen was 
obtained from the Woodbridge glacial formation, 5 ft. below the Risdon Sandstone 
at Granton, Tasmania. Banks and Hale (1957) have described the stratigraphy. The 
other specimens are from the Berriedale Limestone and Peters Limestone which are 
believed to be of the same age. The samples were procured through the kind co¬ 
operation of Professor S. Warren Carey and Mr. M. R. Banks of the University of 
Tasmania. The specimens were somewhat suspect because of evidence of recrystal¬ 
lization, but the assays were made in the hope that they might throw light on the 
ecology of the formations concerned. The Woodbridge sample gave an 0 18 /0 16 tem¬ 
perature of -— 50°C. which is obviously wrong; it is inferred that ionic exchange has 
occurred. The other assays yielded the following results: 

Specimen 116. Mollusc from Berriedale Limestone (for Tas¬ 


manian limestones see Hughes 1957) in 
quarry near Granton, Tasmania .. .. 21*5°C. 

117. Another mollusc from the same locality .. 22-5° 

118. Mollusc from Peters Limestone, Friendly 

Beaches (hill above end of track), near 

Coles Bay, E. Tasmania.19 •4° 


Since the palaeotemperature obtained from the Woodbridge glacial formation is 
obviously incorrect, the original intention to contrast its temperature with those of 
the calcareous formations cannot be carried out. Nevertheless, the following observa¬ 
tions may be made: 

1. The temperatures from the assays of molluscs from the Berriedale and Peters 
limestones are of tropical to subtropical level. 

2. Although Banks and Hale (1957, p. 54) found that much of the ground-mass 
in the Berriedale Limestone (e.g.) is recrystallized, yet the temperatures are inter¬ 
nally consistent. 

3. Brill (1956) and Banks and Hale (1957) record erratics up to a foot in length 
in the limestone, some of which are facetted, and one of which was striated. One 
interpretation (preferred by the writers quoted) is that these are drop pebbles from 
ice masses, while another possibility is that they are rafted pebbles transported in 
tree roots and by such means (Emery 1955). 

The oxygen isotope analyses have contributed some new and independent 
evidence, but has not solved the problem as to whether the calcareous formations 
are glacial or interglacial. 


Experimental Procedure 

The mass spectrometer differed from those employed by previous workers in this 
field in that it was a 180° type instrument. It was found to have excellent stability 
and the overall accuracy obtained appeared to be at least of the same order as that 
claimed by the American workers (i.e. ± 05°C.). 

A. Mass Spectrometer and Electronic Circuits 

The mass spectrometer was a 5 in. radius, single focussing instrument made by 
Consolidated Engineering Corporation (Model 21T03). It was modified by the 
addition of a double collector of the type described by Nier (1947). This was con¬ 
structed from stainless steel plates insulated with glass balls. The plates were cleaned 
before assembly by electro-polishing. The ion beams at masses 44 and 45 were 
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collected on one plate of exposed width 6 5 mm. whilst the beam at mass 46 passed 
through a 1 • 3 mm. slit to a cup. 

Optimum values were employed for the potentials applied to the repeller and ion 
source focussing electrodes. An ionizing electron energy of 50 volts was used with 
a trap current of 5/*A. The existing trap current regulator was inadequate so it was 
replaced by an improved circuit giving a regulation of better than 1 part in 2000. It 
was found that a change of 0'06/i.A in the trap current altered the output of the 
balancing circuits by —0 2 per mil (corresponding to 0 - 8°C.). The ion source 
temperature was maintained at 250 ± 0T°C. 

The magnet current was always adjusted so that the ion peaks came to focus 
with an ion accelerating voltage of 1KV d= 5 volts, this voltage being obtained from 
dry batteries. 

One drawback to the arrangement used was the long lead (— 10 in.) used to 
connect the collectors to their associated pre-amplifiers which were mounted outside 
the magnetic field. In spite of shielding, serious pick-up of random noise occurred. 
In the output of the balance recorder this noise was usually of the order of 0 2 mV 
peak to peak. The most favourable value obtained was 0 1 mV. 

The output resistors for the 44 plus 45, and the 46 peak, amplifiers were 10 10 
and 10 12 ohm respectively (Morganite Crucible Company). Mullard type ME1402 
tubes were used for the pre-amplifier stages and were followed by conventional D.C. 
amplifiers of type described by Valley and Wallman (1948), 100% overall negative 
feedback being used. The output from the 44 plus 45 amplifier was passed through 
a decade potentiometer box and part of it balanced against the 46 amplifier output. 
It was found necessary to isolate the outputs of the two amplifiers from the Brown 
recorder used to record the balance, by means of two cathode follower triodes other¬ 
wise undesirable feedback effects occurred. The times of response of the two ampli¬ 
fiers were adjusted to be equal so that satisfactory response of the balance recorder 
to transients was obtained. Considerable care was taken in the selection of all tubes 
for low noise and microphony. Battery supplies were used for all filaments and HT 
supplies except the 44 plus 45 amplifier. 

The Fig. 7 trace shows two samples recorded alternately and having a difference 
of 3.0°C. In practice a longer time was usually allowed for each sample trace and at 
least six comparisons made to give a reading to ± 0 5°C. 

The molecular leak of the mass spectrometer was replaced by steel viscous flow 
leaks and a magnetic glass valve switch [Wanless and Thode (1953), Halsted and 
Nier (1950) ]. The steel tubing was 25 in. long, 0 024 in. outside diameter, 0 010 in. 
inside diameter and the part clamped was previously annealed at a dull red heat in 
hydrogen. Equality of the leaks was tested every few days using the 44 peak height 
of the standard gas. The magnetic valve switches leaked very slightly and a small 
correction of the order of 0T°C. was applied to the results—this correction being 
determined using several very highly enriched CO 2 samples. 

B. Preparation of Samples and CO 2 

Urey et al. (1951) examined belemnites that had lost their translucent character 
and found that their isotopic composition was the same as surrounding chalk. Thus 
any exchange reactions between shell carbonate and water could be expected to 
destroy the temperature record of a fossil shell. They point out that the best struc¬ 
tures for preserving the record would be hard non-porous calcitic crystals and they 
have given an approximate calculation showing that for a 1 mm. calcite crystal at 
20°C., 96% of the original record should still be retained after 7 x 10 8 years con- 
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sidering a simple diffusion effect of Ca 2 +. Percolation of water through a shell could 
of course alter the isotopic composition much more quickly than this. 

Considerable care was exercised in the selection and preparation of shells used 
here. Only hard shell carbonate was used and wherever possible small, thin or porous 
shells avoided. The method of preparation was to smash the shell into several frag¬ 
ments and then to clean the surface of a large piece with a dental drill using steel 
burrs. A number of shells had obvious thin chalky surface layers and these were 
always completely removed. Smaller shells had their entire surfaces cleaned before 
being crushed. The grinding of the shells was done in an agate mortar and the 
powder stored in sample bottles in desiccators containing silica gel (cf. Craig 1957, 
p. 147). The temperature determinations were made, except for some duplicates, 
etc., within a few days of preparing the powder [cf. Epstein et al. (1953), p. 1321]. 
The shell specimens selected were nearly all white or off-white to light grey and any 
that were more highly discoloured than this were not used. 

Epstein, Urey and co-workers heated their carbonate powder to 470°C. fqr 30 
minutes in a stream of helium before preparing the C0 2 . They give tables and graphs 
showing a smaller scattering of results after this treatment than without it. We have 
not used this heat treatment here for our main results for two reasons: 

1 . Epstein et al. (1951) had some unfortunate trouble with oxygen impurity in 
their helium, during their first determinations, altering the 0 18 / 0 16 ratios by an 
average of 1.1°C. with a spread of —0 6 ° to -j-2 - 2°C. We preferred to avoid the 
risk of this and by carefully selecting only good hard shells to minimize this type of 
scattering. That we have succeeded would appear to be shown by the results of 
Table 2 where five shell powders were heated at 470°C. in vacuo for 30 minutes and 
no significant temperature changes found. What the heating does to the carbonate 
powder, apart from changing it from a white to a greyish colour, is not certain. 
Epstein and co-workers (1951, p. 423) consider that organically precipitated calcium 
carbonate is decomposed whilst the possibility that organic matter is decomposed is 
also possible. Both of these are feasible but should be minimized for our samples. 

2. The second reason for not running more heat treated samples was that the 
probable scattering due to impurity should be rather less than the “salinity” 
uncertainties. 

Table 2 

Heat Treatment (470 ± 5°C., in vacuo for 30 min.) 


Spec. 

No. 

Original Sample 

After 

Treatment 

°C. 

Before 

Treatment 

°C. 

Remarks 

16 

Anadara trapezia 

8-4 

8-4 

No change 

10 

Nacella delesscrti 

2-8 

2-6 

No change 

101 

Notostrea tarda 

12-9 

12 7 

Duplicate 13T°C. No change 

75 

Chlamys antiaustralis 

16 2 

16-7 

No change 

65 

Ostrea manubriata 

12-5 

13-2 

Slight lowering 

11 

Green algae from surface 

12-5 

110 

Black powder after heating 
obviously from organic 
material 


The COo gas was prepared using 100% phosphoric acid (S.G. 187) pre¬ 
pared by adding P 2 O 5 to 85% acid. Several drops of chromium trioxide were 
added to give a permanent light red colour which was reduced to a clear green with 
hydrogen peroxide the excess of which was decomposed by heat. About 01 gm. of 
carbonate powder was placed in the side arm of a T-shaped tube and 5 ml. of acid 

















96 


F. H. DORMAN AND EDMUND D. GILL: 


in the bottom. After evacuation and degassing of the acid by gentle heating the T 
tube was immersed in a 25 0 ±01 °C. water bath and the powder tipped into the 
acid. After 30 minutes the C0 2 was collected in a liquid air trap to a residual pres¬ 
sure of about 10 -2 mm. (probably air and water vapour). Dry ice and liquid air 
traps were next used to remove the air and water vapour impurities. Initially the 
glass handling apparatus was cleaned with soapy water only and then well flushed 
with standard gas. Memory effects were checked by .repeat analyses and shown to 
be negligible over our range of isotope variations. 

C. General Operation 

The pressures of the sample and standard C0 2 were adjusted to equality using 
a Foord spoon gauge which could be read to 0 06 mm. Hg. The gas volumes were 
250 c.cm. (/—' 5 cm. Hg. pressure) and in one hour the C0 2 escaping through a 
viscous leak gave a pressure drop of 0.13 mm. Hg. A check on the effect of differing 
sample and standard pressures was made and found to be equivalent to 0 2 per mil 
for 1 mm. Hg. pressure difference. This change in the record trace occurred im¬ 
mediately and this order of time is in rough agreement with Kistemaker’s Table 
2 line 4 where our R = 0 012 cm., L = 64 cm., r ■—10 -3 cm., 1=0 01 cm. 
(estimated). 

The time for a run was usually about 30 minutes, starting 10 minutes after flow¬ 
ing the gases through the leaks. A check was made to try and detect any fractiona¬ 
tion change by flowing a portion of standard gas through one leak for l4 hours and 
then testing against the standard. No change was found. 

The cold traps on the mass spectrometer were used without modification and 
consisted of a large liquid oxygen trap followed by a dry ice trap next to the mercury 
diffusion pumps and a dry ice trap between the diffusion pumps and the rotary oil 
pump. No special precautions were found to be necessary but the liquid oxygen level 
was raised intermittently during the day and degassed after several runs. Pumping 
was continuous over week-ends when cold air at —10°C. was blown into the dry 
ice trap. 
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Description of Plate VIII 

Figs. 1-2.—Typical belemnite. Two views of holotype rostrum of Dimitobelus diptychus 
(McCoy). ... 

Fig. 3.—Transverse section of rostrum of Peratobelus australis (Phillips) showing sections 
assayed. See Fig. 7C for palaeotemperatures. Dark parts a and b discarded. 

Fig. 4.—Transverse section of rostrum of Dimitobelus diptychus (McCoy) showing sections 
assayed. See Fig. 7 A for palaeotemperatures. . 

Fig. 5.—Transverse section of Peratobelus oxys (Tenison-Woods) showing sections assayed. 
See Fig. 7B for palaeotemperatures. Black parts discarded. 
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UPPER MESOZOIC MICROFLORAS IN WELL CORES FROM 
WOODSIDE AND HEDLEY, VICTORIA 

By Mary E. Dettmann 
Botany Department, University of Melbourne 
[Read 11 December 1958] 


Abstract 

, Albian, PAlbian and possibly Neocomian-Aptian ages are recorded 

from Woodside Wells Nos. 1, 2 and 3 and Hedley Well No 1 recoraea 

with other Victorian and South Australian deposits which contain comparable microfloras. & C 


Introduction 

w D j"-IJ 1S /r le iI eCe S t . SearCll \ t ^-?i in Victoria, five exploratory wells were sunk by 
Woods.de (Lakes En.trance) 0.1 Company No Liability in South Gippsland. Four 

10 m E^f Y^rranf 1 ^ Woodside > 11 m ' E - of Yarram “<• one near Hedley, 

Woodside Well No. 4 entered, but did not pass through, the Tertiary formation 
The other four wells, Woodside Wells Nos. 1, 2 and 3 and Hedley Well No 1 were 
sunk through the Tertiary formation, and entered, but did not penetrate through 

W Od-lde wl. N eS0 / 01C f0 ^ tI0n (Boutakoff 1956, 1957/58). The deepest will 
Woodside Well No. 2, passed through approximately 5,200 ft. of Mesozoic sediments 
before drilling was abandoned at 8,862 ft. 

The Mesozoic sediments intersected by these four wells are lacustrine and con¬ 
sist of interbedded mudstones shales, claystones and arkoses with minor amounts of 
tntuminous coal seams (unpublished information, Woodside Oil Co’s Bore log i No 
well defined marker beds have been recorded and consequently no stratigrlphical 
subdivision has yet been made. It was decided to carry out a palynological investl 
gation of the Mesozoic sediments in these Woodside and Hedley wellsf in the hope 
of establishing a strat.graph.cal succession by means of the miirofloras present 
Two distinct microfloras of a Lower Cretaceous age, one Albian and the other 
probably Neocom.an-Apt.an, and a microflora which is intermediate between these 

19?8t The e Alh-f C "- ed fl fr0m dep °! its “ SE ' Australia (Cookson and Dettmann 
wfn n A C ™1? ra j' as recor ded from sediments in the Woodside 

\\ ell No. 2 between 4,251 ft. and 6,402 ft., and in the Hedley Well No. 1 at 2 132 ft 
The Neoconnan-Aptian microflora was not observed in any of the Woodside and 

WhVTnnslanTM eXa "’T d a t that alth ough it was recorded from other 
WnniwSf r f» Z ? 1C d !P° s,t 5: ‘"eluding outcrop and bore samples from the 
Wonthaggi State Coal Mine Area, Cape Paterson, Berry Creek, Whitelaw, Korum- 
burra and1 Tyers River The only recorded occurrence of the intermediate microflora 
in South Gippsland is from sediments in several of the Alberton West Bores (Cook- 
son and Dettman 1959). v 

7i e ,? reSen VT St, ^ 10n of the Upper Mesozoic deposits from the Woodside 
and Hedley wells shows that the presence of Albian, Neocomian-Aptian and inter¬ 
mediate microfloras Provides a useful means of stratigraphically subdividing these 
sediments. Woodside Well No. 2 provided the most complete vertical succession of 
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sediments, the examination of which shows that the three microfloras occur at dif¬ 
ferent levels in the well. On the basis of these three microfloras, correlations are made 
between the Woodside Well No. 2 sediments and those in the Woodside Wells Nos. 

1 and 3 and Hedley Well No. 1, and the Woodside succession is also correlated with 
other Lower Cretaceous deposits in Victoria and South Australia. 

Microfloral Assemblages 

Although only a relatively small proportion of the microspore and pollen types 
present in these deposits has been named and described, the following lists are ade¬ 
quate for correlation and comparative purposes. 

A. Woodside Well No. 2. 

The Tertiary-Mesozoic boundary in this well was struck at 3,500 ft. and the well 
was bottomed within the Mesozoic formation at 8,862 ft. Nine core samples have 
been examined. One of these, at 4,858 ft., contained no spores or pollen grains, while 
the others yielded the following microfloral assemblages: 

1. Dense mudstones containing plant remains at 4,114-27 ft. and 4,251-6 ft. 

The spores and pollen grains occurring at these levels, although not numerous, 
are varied and well preserved. Some of the microspores occurring in the deposit at 
4,251-6 ft. have been recorded previously (Cookson and Dettmann 1958), but for 
completeness these are included in the following list: 

(a) Megaspores— Pyrobolospora hexapartita (Dijkstra) (4,114-27 ft. only). 

(b) Microspores— Apiculatisporis asymmetricus Cookson and Dettmann, 
Ceratosporites equalis Cookson and Dettmann, Cicatticosisporites australiensis 
(Cookson), Cingidatisporites euskirchensoides Delcourt and Sprumont, Cingulatis- 
porites paradoxus Cookson and Dettmann, Cingidatisporites simplex Cookson and 
Dettmann, Cirratriradites spimdosus Cookson and Dettmann, Divisis pontes euskir- 
chenensis Thomson (4,251-6 ft. only), Dictyotosporites complex Cookson and Dett¬ 
mann, Foveosporites canalis Balme, Ischyosporites scaberis Cookson and Dettmann, 
Leptolepidites verrucatus Couper, Lycopodiumsporites austroclavatidites (Cook¬ 
son), Lycospora mollis Cookson and Dettmann, Osmundacidites comaumensis 
(Cookson), Pcrotrilites striatus Cookson and Dettmann, Pilosispontes notensis 
Cookson and Dettmann. Reticulatisporites pudens Balme. 

(c) Pollen— Microcachryidit.es antarcticus (Cookson), Classopollis sp. (This 
genus requires further investigation before specific designation is made.) 

2. Sandy, massive dark grey shale at 5,989 ft. 

The microspores and pollen types present in the deposit are poorly preserved and 
infrequent and include: 

(a) Microspores— Apiculatisporis asymmetricus, Cicatricosisporites austra¬ 
liensis, Ischyosporites scaberis, Leptolepidites verrucatus, Lycopodiumsporites aus¬ 
troclavatidites, Lycospora mollis, Osmundacidites comaumensis, Perotrilites striatus, 
Pilosisporites notensis. 

(b) Pollen _ Microcachryidites antarcticus, Podosporites micropterus 

(Cookson and Pike), Zonalapollenites dampieri Balme. 

3. Dark grey shale at 6,402 ft. . ... 

The microflora present in this deposit, which is both rich and varied, contains a 
number of types which have not been observed in the higher sediments of this well. 
The following list includes a number of microspore types which have been previously 
recorded from this deposit (Cookson and Dettmann 1958) : 
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(a) Microspores — Apiculatisporis asynimetricus, Ccratosporites equalis, 
Cicatricosisporites australiends, Cingulatisporites euskirchensoides, Cirratriradites 
spinulosus, Dictyotosporites complex, Dictyotosporites speciosus Cookson and Dett- 
mann, Granulatisporites dailyi Cookson and Dettmann, Ischyosporites scaberis, 
Kuylisporites lunaris Cookson and Dettmann, Leptolepidites verrucatus, Lycopo¬ 
diumsporites austroclavatidites, Lycopodiumsporites circolumenus Cookson and 
Dettmann, N eoraistrickia truncatus, Osmundacidites comaumensis, Perotrilites stri- 
atus, Pilosisporites not ends. 

(b) Pollen— Classopollis sp., Microcachryidites antarcticus, Pityosporites 
grandis (Cookson), Zonalapollenites dampieri. 

4. Pale grey shales at 6,485 ft. and 6,892 ft. 

The well preserved, but sparse, microspores and pollen grains present in these 
deposits include: 

(a) Microspores— Apiculatisporis asynimetricus, Apiculatisporis wonthag- 
giensis Cookson and Dettmann, Ceratosporites equalis, Cicatricosisporites austra¬ 
liensis, Cicatricosisporites cooksoni Balme (6,485 ft. only), Dictyotosporites com¬ 
plex, Dictyotosporites speciosus, Granulatisporis dailyi, Ischyosporites scaberis, 
Leptolepidites verrucatus, Lycopodiumsporites austroclavatidites, Lycopodiumspor¬ 
ites circolumenus (6,485 ft. only), Lycospora mollis, Neoraistrickia truncatus, 
Osmundacidites comaumensis, Perotrilites striatus, Pilosisporites notensis (6,892 
ft. only), Cyclosporites hughesi (Cookson and Dettmann 1959b) (6,892 ft. only). 

(b) Pollen— Classopollis sp., Microcachryidites antarcticus, Podosporites 
micropterus, Pityosporites grandis, Zonalapollenites dampieri. 

5. Medium and fine grained grey siltstone at 7,785 ft. 

The microflora at this level is not rich in types and the preservation of those 
present is poor. The following forms have been recognized: 

(a) Microspores— Cicatricosisporites australiensis, Dictyotosporites specio¬ 
sus, Granulatisporites dailyi, Ischyosporites scaberis, Lycopodiumsporites austro¬ 
clavatidites, Osmundacidites comaumensis, Cyclosporites hughed. 

(b) Pollen— Microcachryidites antarcticus, Zonalapollenites dampieri. 

6. Medium and fine grained, dark grey siltstone at 8,862 ft. 

This sample is highly carbonaceous and contains cuticle and woody tissue. The 
spores and pollen grains, which in general are not well preserved, include: 

(a) Microspores — Apiculatisporis wonthaggiends, Ceratosporites equalis, 
Cicatricosisporites australiensis, Dictyotosporites complex, Dictyotosporites specio¬ 
sus, Granulatisporites dailyi, Ischyosporites scaberis, Kuylisporites lunaris, Lepto¬ 
lepidites verrucatus, Lycopodiumsporites austroclavatidites, Lycospora mollis, 
Osmundacidites comaumends, Pilosisporites notensis, Cyclosporites hughed. 

(b) Pollen— Classopollis sp., Podospotites micropterus, Zonalapollenites 
dampieri. 

B. Woodside Well No. 1. 

This well penetrated through approximately 2,000 ft. of Mesozoic sediments, the 
Tertiary-Mesozoic boundary was struck at 3,900 ft. and the well was bottomed at 
6,008 ft. One of the samples examined (at 5,950-5 ft.) contained a rich and varied 
spore and pollen assemblage, but neither of the other two (at 4,098-108 ft. and at 
5,292 ft.) yielded spores nor pollen grains. 

Fine grained carbonaceous mudstone at 5,950-5 ft. 
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The spore and pollen types present in this deposit include: 

(a) Megaspores — Minerisporites margimtus (Dijkstra), Pyrobolospora 
reticulata Cookson and Dettmann. 

(b) Microspores — Apiculatisporis asymmetricus, Ceratisporites equalis, 
Cicatricosisporites australiensis, Cingulatisporites euskirchensoides, Cingulatisporites 
paradoxus, Cingulatisporites simplex, Cirratriradites spinulosus, Dictyotosporites 
complex, Foveosporites canalis Balme, Lycopodiumsporites austroclavatidites, Lyco- 
spora mollis, Neoraistrickia truncatus, Osmundacidites comaumensis, Perotrilites 
striatus, Pilosisporites notensis, Reticulatisporites pudens. 

(c) Pollen — Classopollis sp., Microcachryidites antarcticus, Podosporites 
micropterus, Pityosporites grandis. 

C. Woodside Well No 3. 

The Mesozoic sequence was entered at 3,815 ft., and approximately 2,000 ft. of 
this sequence was penetrated by the well. Two samples were examined, and both 
yielded a rich microfloral assemblage. 

1. Massive dark grey shales and sandstones at 5,368 ft. 

The following spore and pollen types have been observed: 

(a) Megaspores— Pyrobolospora reticulata. 

(b) Microspores — Apiculatisporis asymmetricus, Ceratosporites equalis, 
Cicatricosisporites australiensis, Cingulatisporites euskirchensoides, Cingulatisporites 
paradoxus, Cingulatisporites simplex, Ischyosporites scaberis, Lycopodiumsporites 
austroclavatidites, Lycospora mollis, Neoraistrickia truncatus, Osmundacidites 
comaumensis, Perotrilites striatus, Pilosisporites notensis, Reticulatisporites pudens. 

(c) Pollen— Classopollis sp., Microcachryidites antarcticus, Pityosporites 
grandis, Podosporites micropterus. 

(d) Incertae Sedis— Shizosporis rugulatus Cookson and Dettmann, Shizos- 
poris spriggi Cookson and Dettmann. 

2. Dark grey shales and sandstones at 5,711-24 ft. 

The carbonaceous content of this deposit consists of cuticle, woody tissue and 
well preserved spores and pollen grains which include: 

(a) Microspores — Apiculatisporis asymmetricus, Ceratosporites equalis, 
Cicatricosisporites australiensis, Dictyotosporites speciosus, Granulatisporites dailyi, 
Ischyosporites punctatus Cookson and Dettmann, Ischyosporites scaberis, Lycopo¬ 
diumsporites austroclavatidites, Neoraistrickia truncatus, Osmundacidites comau¬ 
mensis, Perotrilites striatus, Pilosisporites notensis. 

(b) Pollen— Classopollis sp., Microcachryidites antarcticus, Pityosporites 
grandis, Zonalapollenites dampieri. 

D. Hedley Well No. 1. 

Four core samples have been examined. Two of these, at 1,459 ft. and 4,009 ft., 
are devoid of spores and pollen grains. The other two, which consist of dark grey 
carbonaceous mudstones and siltstones at 2,099-106 ft. and 2,132-7 ft., contain 
cuticle, woody tissue and relatively few spores and pollen grains. These include: 

(a) Microspores— Apiculatisporis asymmetricus, Apiculatisporites wonthag- 
giensis, Cicatricosisporites australiensis, Dictyotosporites speciosus (2,132-7 ft. 
only), Granulatisporites dailyi, Ischyosporites scaberis, Leptolepidites verrucatus, 
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Lycopodiumsporites austroclayatidites, Lycospora mollis, Osmundacidites comaum- 
ensis, Perotrilites striatus, Pilosisporites notensis. 

(c) P o\\tn—C lasso pollis sp., Microcachryidites antarcticus, Pityosporites 
grandis, Podosporites micropterus. 

Stratigraphical Conclusions 

This study indicates that there are two distinct microfloras, and one of a type 
intermediate between them, in the Mesozoic deposits intersected by the Woodside 
and Hedley wells. Each of the two distinct microfloras contains certain spore species 
which have a limited stratigraphical range; some of these spore species have been 
recorded previously from deposits of Albian age, and others from deposits which are 
probably Neocomian-Aptian (Cookson and Dettmann 1958). The intermediate 
type of microflora resembles that recorded from deposits regarded as PAlbian (Cook- 
son and Dettmann 1958, 1959a). These facts enable a tentative age to be estab¬ 
lished for the deposits which were examined from the Woodside and Hedley wells. 

The sediments at 4,114-27 ft., 4,251 ft. and 5,989 ft. in Woodside Well No. 2, 
5,950-5 ft. in Woodside Well No. 1 and 5,368 ft. in Woodside Well No. 3 contain 
short-range spore species such as Perotrilites striatus, Cingulatisporites euskirchen- 
soides, Cingulatisporites paradoxus, Cingulatisporites simplex, Apiculatisporis 
asymmetricus and Pyrobolospora reticulata. These species are found in the marine 
Lower Cretaceous (Albian) beds at 581 ft. and 810 ft. in the Cootabarlow Bore No. 
2, South Australia and in the Onepah Well, New South Wales (Cookson and Dett¬ 
mann 1958). Both the Onepah Well deposits and these levels of the Cootabarlow 
Bore are believed to be of Albian age. This estimate of the age is based, in the case of 
the Cootabarlow beds, on the contained foraminifera (N. H. Ludbrook, South Aus¬ 
tralian Department of Mines Palaeontological Report—14/56, 1956 unpublished) 
and microplankton (Cookson and Eisenack 1958), and in the case of the Onepah 
Well sediments on the gasteropods and ammonites (Fletcher in Deflandre and Cook¬ 
son 1955) and microplankton (Cookson and Eisenack 1958). This evidence indicates 
a similar Albian age for these Woodside and Hedley sediments. 

A comparable age has been suggested by Cookson and Dettmann (1958) for 
other lacustrine deposits in Victoria and South Australia which contain a similar 
microflora (Table 1). These deposits are from Barongarook Creek near Colac, 
Devil’s Kitchen 3 m. SE. of mouth of Gellibrand River, at 532 ft. and 582 ft. in 
Dergholm Bore No. 1 and between 1,400-3,500 ft. in the Robe Bore. 

The sediments at 7,785 ft. and 8,862 ft. in Woodside Well No. 2, in containing 
the short-range species Cyclosporites hughesi, Apiculatisporis wonthaggiensis, 
Granulatisporites dailyi and Dictyotosporites speciosus, are comparable to the de¬ 
posits from the Wonthaggi State Coal Mine Area, Tyers River and Cape Paterson 
in Victoria and at 3,860 ft. and 4,300 ft. in the Robe Bore, South Australia, which 
also contain this microflora. The age of these latter deposits is almost certainly pre- 
Albian (probably Neocomian-Aptian or possibly uppermost Jurassic (Cookson and 
Dettmann 1958), and it is probable that the sediments at 7,785 ft. and 8,862 ft. in 
Woodside Well No. 2 are of an equivalent age. 

A microflora intermediate between the typical Albian and pre-Albian microfloras 
is present in the deposits at 6,402 ft., 6,485 ft. and 6,892 ft. in Woodside Well No. 

2, at 5,711-24 ft. in Woodside Well No. 3 and at 2,099-106 ft. and 2,132-7 ft. in 
Hedley Well No. 1. These deposits contain the short-range spore species Perotrilites 
striatus and Apiculatisporis asymmetricus typical of the Albian microflora, together 
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with the short-range spore species Granulatisporites dailyi, Dictyotosporites specio- 
sas and Apiculatisporis wonthaggiensis of the pre-Albian microflora. 

A similar admixture of Albian and pre-Albian spore species has been recorded 
from the following sediments: (a) at 674 ft. and 708 ft. in the Comaum Bore, South 
Australia; (b) Barrabool Hills, Victoria; (c) Alberton West, Victoria (1) at 174 
and 178 ft. in Bore No. 137; (2) at 265 ft. in Bore No. 159; (3) at 215 and 237 ft. 
in Bore No. 135. The age of these sediments has been suggested as ?Albian by Cook- 
son and Dettmann (1958, 1959a), and the Woodside and Hedley sediments in 
containing this microflora are probably equivalent in age (?Albian). 
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THE RELATIONSHIPS OF THE LATROBE SEAM AT YALLOURN 

By F. C. Beavis 
[Read 11 December 1958] 

Abstract 

Detailed surveys during the investigation and construction of the extensions to the Yallourn 
Power Station yielded data concerning the hitherto little known relationships of the Latrobe 
Seam of brown coal in this area. The Latrobe Seam and associated sediments are in part equiva¬ 
lent to the Morwell Group, and pass conformably up into the clays and brown coal of the Yal¬ 
lourn Group. The coal of the Tanjil coal-field is continuous with the Latrobe Seam. 

Structural studies showed that the Yallourn Monocline persists as a fold, and does not pass 
into a fault as suggested by earlier workers. No evidence of any movement of younger than 
pre-Jurassic age has been found along the Haunted Hill Fault. 

Introduction 

Detailed geological surveys during the investigations for the extensions to the 
Yallourn Power Station and the Latrobe Cooling Water Dam, and later, during the 
construction of the Yallourn “D” Power Station, provided data which have per¬ 
mitted resolution of some outstanding problems in this little known section of the 
Latrobe Valley Coal-field. The thick cover of Haunted Hill Gravel has made earlier 
work difficult. The exposures in tunnels and foundation excavations, as well as the 
very close boring, have enabled the writer to carry out detailed mapping as a basis 
for stratigraphic and structural studies. 

The brown coal of the Yallourn Power Station was considered by Herman 
(1922) to be an extension of the Yallourn Seam, faulted against the Jurassic fels- 
pathic sandstones which outcrop nearby in the Latrobe R. Thomas and Baragwanath 
(1949) considered the relationships of the Latrobe Seam, with which the coal of 
the Power Station had been correlated, to be a matter for conjecture. These workers 
indicated that the Haunted Hill Fault formed the W. margin of the Latrobe Seam. 
Gloe (1956) has shown, in a detailed study of the N. margin of the Latrobe Valley 
Coal Measures, that the Latrobe Seam extends for many miles to the E. The present 
study has been restricted to the section between the Latrobe R. gorge and the Yal¬ 
lourn North Open Cut. 

Geology 

Stratigraphic Relationships of the Latrobe Seam 

Intimately associated with the Latrobe Seam is an underlying ligneous clay, and 
an overlying sequence of sands, clays, and thin brown coals. No justification could 
be found for regarding these as distinct stratigraphic units, and for the purposes of 
the present discussion are regarded as being part of the Latrobe Seam, sensu lato. 

North of the Yallourn North Open Cut, sediments of the Jurassic Tyers Forma¬ 
tion outcrop, and further N. are overlain by basalts possibly to be correlated with 
the Thorpdale Volcanics. At the Open Cut it is known, chiefly as the result of bor¬ 
ing, that the Latrobe Seam overlies the Tyers Formation disconformably, but with¬ 
out angular unconformity. Because of the absence of outcrops, and the lack of bores 
in critical sections, the relationship of the Latrobe Seam to the Yallourn Group is 
obscure in this area. 
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Fig. 1.—Stratigraphic sections, Yallourn Area. Thin black lines in columns represent coal seams. 


At the Yallourn Power Station, the sequence mapped confirms correlation of 
these beds with the Latrobe Seam (Fig. 1). The boundary between the Tyers For¬ 
mation and the Latrobe Seam here has been directly observed in the tunnels of the 
power station cooling water system. As at Yallourn North, the boundary is marked 
bv a disconformity, with no evidence of the faulted relationship suggested by Her¬ 
man (op. cit.). The relationship of the Latrobe Seam and the associated sediments 
to the younger Yallourn Group has not been directly observed, but the available 
evidence suggests a conformable passage between the two. Such a conclusion implies 
that the greater part of the Latrobe Seam and overlying sands, clays, and coals are 
equivalent to the Morwell Group. That the thick coals of the Morwell Group split, 
and are reduced in thickness between Morwell and Yallourn is known from recent 
boring. 

Beds of the Latrobe Seam, dipping 45° SE., have been observed in the slot 
bunker excavations, within 150 ft., stratigraphically, of the Yallourn Seam. It is 
known both from boring and early excavation records that the dip of the base of 
































































Fig. 2. —Geological map, Yallourn Area. 
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the Yallourn Seam here is 30° SE., which is close to that in the highest observed 
beds of the Latrobe Seam. Boring between the two exposures studied gives no indi¬ 
cation of any structural or stratigraphic discontinuity (Section AB, Fig. 3). 

The alternative to the conformable sequence is to postulate faulting. Parallelism 
of the regional strikes, and the form of the mapped boundary tends to exclude this 
possibility. However, a certain amount of bedding plane slip, indicated by slicken- 
sides, has occurred. 

Between the Power Station and the Gorge on the Latrobe R., Siluro-Devonian 
sediments outcrop. These are overlain, with strong angular unconformity, by a thin 
conglomerate which marks the base of the Tyers Formation. The conglomerate, 
which outcrops near the pumping station, passes up into the felspathic sandstones 
and thin shales tvpical of the Tyers Formation elsewhere in this district (Philip 
1958). The Tyers Formation is overlain in part directly by the clays and coals of 
the Tanjil Coal-field, and in part by basalt. The former is best seen in the tributary 
to the Latrobe R. at the pumping station, and the latter in nearby cuttings on the 
Moe-Yallourn railway line. On the basalt, an erosion surface of moderate relief has 
been developed, and on this surface, ligneous clay and brown coal have been de¬ 
posited. The relationships of the coals to the Tyers Formation are similar to those 
already described in other sections and, while continuity of these clays and coals 
with those of the Power Station has not been observed, the bores in this area strongly 
suggest that such continuity exists. Correlation of the clays and brown coals of the 
Tanjil field with the Latrobe Seam would therefore appear to be justified. 

Structure 

The structure of the area under review is dominated by the Yallourn Monocline, 
which, contrary to the views of Thomas and Baragwanath (op. cit.), maintains its 
identity as a fold, and does not pass into a fault. Overturning of the beds of the 
Latrobe Seam has occurred along the monocline as well as marked thinning. No 
displacement due to faulting has been observed, but bedding plane slip is certain to 
have occurred. 

The maps of Thomas and Baragwanath (op. cit.) show the Yallourn Monocline 
terminating to the W. on the Haunted Hill Fault. Physiographic evidence of the 
Haunted Hill Fault is lacking, and a study of the Haunted Hill suggests that the 
escarpment which forms the E. margin of the Hill, W. of Morwell, is continuous 
with that occurring along the axis of the Yallourn Monocline (cf. Edwards 1945). 
The present writer, in spite of careful search, has been unable to find any field 
evidence of the Haunted Hill Fault in the Jurassic or Tertiary sediments. 

Within the area examined, the Haunted Hill Gravel and the coals and clays of 
the Latrobe Seam cross the line of the Haunted Hill Fault without any displacement. 
Outcrops of basalt, as well as levels on the basalt in bores, e.g. bores 18, 14, 457 and 
459 Narracan, show that the basalt has not been displaced by the fault. Any move¬ 
ment on the fault, on this evidence, would have been pre-basaltic. 

An unpublished map by Baragwanath (1917) shows a small triangular exposure 
of Jurassic sandstone faulted against the Siluro-Devonian sediments on what is now 
known as the Haunted Hill Fault, but which is referred to on the plan as a probable 
fault. Erosion has now exposed a much greater area of the Jurassic sandstone, which 
can be seen to be resting on the basal conglomerate which unconformably overlies 
the Siluro-Devonian basement. Moreover, bores on the Tanjil coal-field, im¬ 
mediately W. of the fault have recorded Jurassic sandstone at approximately the 
same level as these exposures. 


RELATIONSHIPS OF THE LATROBE SEAM AT YALLOURN 
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Whitelaw’s map of the Parish of Tanjil East shows the outcrops of the Siluro- 
Devonian sediments terminating to the W. along a line continuous with the Haunted 
Hill Fault. There is a marked drag on the fold axes, as well As shearing of the sedi¬ 
ments adjacent to this line. 

Brown coal and clay outcrop in the bed of the Latrobe R. close to steep cliffs of 
Siluro-Devonian sediments adjacent to the Fault. However, as already stated, the 
coal rests on Jurassic sandstone, and it can be shown that it would require a grade 
not steeper than 1 in 10 on the surface of the basement sediments to produce such a 
field relationship, with the coal unconformably overlying the basement. In view of 
the known steep irregularities on the surface of the Siluro-Devonian sediments, 
postulation of a fault to explain the relationship does not appear to be warranted. 

The evidence of faulting of the Siluro-Devonian sediments is indisputable, with, 
using outcrop pattern as evidence, a strong W.-facing escarpment developed. Any 
movement which has occurred on the Haunted Hill Fault, however, predates the 
deposition of the Tyers Formation in Jurassic times. Similarly, no evidence of the 
Anderson Creek Fault described by Philip (1958) can be found in this area, and 
Philip’s assertion that the fault forms the W. margin of the Tyers Formation appears 
to be too general, although the Anderson Creek Fault does locally form this 
boundary. 

Conclusions 

The detailed mapping in the Yallourn area has shown that the brown coal and 
associated sediments of the Yallourn Power Station and Tanjil Coal-field areas are 
correctable with the Latrobe Seam. The Latrobe Seam and the overlying sands, 
clays and thin brown coals, pass conformably up into the Yallourn Group, and 
therefore are to be considered, in part at least, to be the equivalent of the Morwell 

f °No evidence of any movement on the Haunted Hill Fault of age younger than 
pre-Jurassic has been found, and it is considered that the Yallourn Monocline after 
swinging to the S., W. of Yallourn, is not terminated by the Haunted Hill Fault, but 
continues with a S. trend along the E. edge of the Haunted Hill. This monocline may 
thus be considered to form the W. limb of the E.-pitching Latrobe Syncline. 
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A NEW FOSSIL PENGUIN FROM AUSTRALIA 
By George Gaylord Simpson 

The American Museum of Natural History and Columbia University, New York 
[Read 11 December 1958] 

Introduction 

Four isolated specimens of fossil penguins have been previously described in 
print, 2 from the Blanche Point marls, considered late Eocene by Glaessner, and 2 
from the Gambier limestone, considered Oligocene (Glaessner 1955, Simpson’1957). 
A fifth specimen was found in 1950 by Edmund D. Gill of the National Museum of 
Victoria and has been referred to me for description through the courtesy of Mr. Gill 
and that Museum. It is of exceptional interest because its age is different from the 
previously described Australian specimens and because it represents a definable new 
genus and species. The field occurrence and age are discussed by Mr. Gill in a 
separate paper. 

Classification 

Family Spheniscidae 
Genus Anthropodyptes gen. nov. 

Type: A . gilli . 

Known Distribution: Miocene, Australia (as for the species). 

Diagnosis : Large extinct penguins. Humerus rather slender and elongate, shaft 
slightly sigmoid, with definite but moderate preaxial angle. Proximal part of shaft 
distinctly narrower (preaxial-postaxial) than distal part. Tricipital fossa undivided, 
large especially proximo-distally. Pectoralis secundus insertion wide, little oblique’ 
almost parallel to long axis of shaft. Angle of axis of shaft with tangent to ulnar and 
radial condyles about 42°. Ulnar condyle only slightly ventral to radial condyle and 
broader than the shelf dorsal to it. 

Anthropodyptes gilli sp. nov. 

Type: National Museum of Victoria (registered number P17167). Right 
humerus nearly complete but lacking most of the head and the small distal postaxial- 
dorsal process (dorsal to the dorsal sesamoid groove). Found by Edmund D. Gill, 
for whom the species is named. 

Hypodigm : Type only. 

Horizon and Locality: Balcombian, Miocene (see separate paper by Gill). 
E. bank of Glenelg R., S. end of Devil s Den, N. of Dartmoor, western Victoria, 
Australia. 

Diagnosis : Sole known species of the genus. 

Measurements 

Length from distal end of Pectoralis secundus scar to angle at the base of the 
dorsal sesamoid groove (dimension 3 in Marples 1952) : c. 114 mm. 

Least preaxial-postaxial width on proximal part of shaft: 28-3 mm. 

Least preaxial-postaxial width on distal part of shaft: 30-2 mm. 
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Fig. 1 .-Anthropodyptes gilli Simpson. Type, National Museum of Victoria P17167. Right 
humerus in ventral, preaxial, dorsal, and postax.al aspects, Xc.%, reading upwards. 
(Drawing by Browning, from National Museum of Victoria.) 
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Preaxial-postaxial width at 1/3 length (estimated) from head 
28 6 mm. 

Preaxial-postaxial width at 2/3 length (estimated) from head 
31 -4 mm. 

Dorsoventral thickness at 1/3 length (Marples’s 7) : 14-1 mm. 

Dorsoventral thickness at 2/3 length (Marples’s 8) : 119 mm. 

Angle between midline of shaft and a tangent to the ulnar and radial condyles, in 
orthogonal projection of dorsal or ventral view (shaft-condyle angle) : 42°. 

Comparisons 

Detailed description seems unnecessary, because the characteristics of the speci¬ 
men are sufficiently evident in the preceding generic diagnosis, accompanying illus¬ 
trations, and following comparisons. Comparisons with other Australian fossils have 
been with casts, with New Zealand and Seymour Island forms with figures and 
descriptions (Marples 1952, 1953; Wiman 1905), and with Patagonian forms 
mostly with original specimens but in part with figures and descriptions (Ameghino 
1905). The impossibility of comparing originals in all cases may well have resulted 
in overlooking real differences among the specimens. It is less likely to have falsified 
the differences that have been noted. 

Australian Forms 

Of the two penguin humeri previously described from Australia (Simpson 1957), 
one belongs to the genus Palaeeudyptes , which is best known from New Zealand so 
that comparison will be based mainly on specimens from the latter country. The 
other, South Australian Museum P10863, is so poorly preserved as to make com¬ 
parison incomplete. The prexial tubercle is similar to that of the present specimens 
and there is a similar but less marked and less proximal narrowing of the shaft 
above it. The tricipital fossa is smaller and strikingly less elongate proximo-distally. 
In spite of some resemblances and possible affinity, it is unlikely that the two speci¬ 
mens are congeneric. S.A.M.P10863 was considered as possibly belonging to a new 
genus, which was not named, however, because of the inadequacy of the evidence. 

New Zealand Forms 

Palaeeudyptes, as described and figured by Marples (1952), is distinct from the 
present form in the following characters, among others: absence of preaxial tubercle, 
proximal and distal parts of shaft about equal in preaxial-postaxial width or nar¬ 
rowest point distal, tricipital fossa smaller and shorter proximo-distally, ulnar 
condyle more ventral in position and shelf dorsal to it wider. The genera are distinct 
and probably have no special relationship. 

The humerus of Duntroonornis is poorly known and unfigured, but the statement 
(Marples 1952, p. 42) that it probably lacks a preaxial angulation is an important 
distinction from the present form. The humerus is unknown in Korora. The only 
known species is much smaller than that represented by the present specimen. 

Both Pachydyptes and Platydyptes have the humerus notably stouter (relative 
to length) than in Anthropodyptcs. In Pachydyptes the proximal and distal pre¬ 
axial-postaxial widths are almost exactly equal but in Platydyptes the proximal 
width is the lesser, in almost the same proportion as in Anthropodyptes. For ratios 
demonstrating these proportions see Table 1. In Pachydyptes the Pectoralis secundus 
insertion is apparently more oblique than in Anthropodyptes, the shaft is somewhat 
less curved, and the preaxial angle is less distinct. In Platydyptes the preaxial angle 
is less distinctive, but the Pectoralis secundus insertion is also rather oblique and the 
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angle between the shaft and a tangent to the condyles is greater. These lesser dis¬ 
tinctions have unknown variability and may not all stand up as truly diagnostic, but 
the massive humeri of Pachydyptes and the closely similar Platydyptes are decisively 
different in aspect from that of Anthropodyptes. 

Table 1 

Comparison of Some Proportions of Humeri of Fossil Penguins 

A = Length from distal end of Pectoralis secundus insertion to angle at the base of the 
dorsal sesamoid groove (Marples’s 1952, dimension 3). 

B = Preaxial-postaxial diameter 1/3 of distance from head (Marples’s 5). 

C = Same at 2/3 of distance (Marples’s 6). 

Based on measurements by Marples (1952), except Anthropodyptes (on original specimen), 
and “Arthrodytes” andrewsi (on figure by Ameghino 1905). 



A/B 

A/C 

B/C 

New Zealand: 

Palaeeudyptes antarcticus .. 
Pachydyptes ponderosus 

Platydyptes novaecealandiae 

- amiesi . 

Archaeospheniscus lowei .. 

3.5" 

2.6 

2.8 

2.7 
c. 3.6 

3.7b 

2.5 

2.5 

2.5 
c. 3.1 

ooprr 

SSSftf 

Australia: 

Anthropodyptes gilli . 

4.0 

3.6 

0.91 

Seymour Island: 

Anthropornis nordenskioldi 
Eosphaeniscus gunnari 

c. 3.1 
c. 3.5 

c. 2.9 

3.9 

0.94 
c. 1.13 

Patagonia: 

", Arthrodytes” andrewsi 

3.2 

2.8 

0.88 


a. Mean of five specimens. Range 3.4 - 3.6. 

b . Mean of five specimens. Range 3.5 - 3.8. 

c. Mean of six specimens. Range 1.00- 1.07. 

d. Mean of three specimens. Range 0.98-1.02. 

e. Mean of two specimens. Range 0.85 - 0.91. 

On the whole, Archaeospheniscus resembles Anthropodyptes more closely in the 
humerus than does any other known New Zealand form. There are, nevertheless, 
numerous small differences which, in sum, seem to exclude generic identity. The 
humerus is more slender in Archaeospheniscus than in other New Zealand genera, 
but still is distinctly less slender than in Anthropodyptes. Marples’s (1952) Table 3 
gives the proximal preaxial-postaxial width (his dimension 5) as 19 mm. in a speci¬ 
men of A. lowei which would make the humerus phenomenally slender, but this 
agrees neither with his description nor his figures (Fig. 6 and PI. II) and is cer¬ 
tainly a lapsus. The illustrations suggest a value of about 24 mm. (which, incidentally, 
could readily be mistaken for 19 in reading the calipers; 29 is not at all likely), and I 
have used that figure in compiling my Table 1. The shaft-condyle angle may be larger 
in Archaeospheniscus than in Anthropodyptes and the Pectoralis secundus scar is 
definitely more oblique. The concavity of outline distal to the preaxial angulation is 
more pronounced and there is a more distinct postaxial angulation, so that the shaft 
as a whole is decidedly more sigmoid. Both known species of Archaeospheniscus are 
significantly smaller than Anthropodyptes gilli. 
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Seymour Island Forms 

(Wiman 1905, and Marples 1953). The humerus is unknown in Delphinornis 
and lchthyopteryx. Both are based on species very much smaller than Anthro- 
podyptes gilli, and while this does not preclude generic identity it does make it 
unlikely, as does also the decided difference in locality and, with high probability, 
ecology. The Notodyptes humerus is known only from a doubtfully referred scrap’ 
which also represents a smaller animal and shows the proximal part of the shaft as 
slender and tapering in a way not seen in Anthropodyptes. 

The humerus of Anthropornis has a stouter shaft than in Anthropodyptes , a 
much more acute shaft-condyle angle, and a less distinct preaxial angulation, in 
spite of which the shaft is more sigmoid. The preaxial-postaxial width is practically 
the same at 1/3 and 2/3 distance from the head. In Eosphaeniscus the shaft is 
decidedly narrower distally, in more marked distinction from Anthropodyptes, and 
the shaft-condyle angle is also more acute. The Eosphaeniscus humerus is especially 
characterized by a peculiar ridging postaxial to the Pectoralis secundus scar, absent 
in Anthropodyptes. 

1 here seems to be no reason to suspect special affinity between the Australian 
and any of the known Seymour Island forms. 

Patagonian Forms 

The Patagonian penguins, all from a single widespread deposit (latest Oligocene 
or, more probably, early Miocene) constitute the largest known fossil penguin fauna 
(See especially Simpson 1946.) Nevertheless, that fauna contains few elements that 
are closely comparable with other fossil penguins, those from Australia, New 
Zealand, and Seymour Island. Detailed comparison with the most common Pata¬ 
gonian forms, Palaeospheniscus, Paraptenodytes, and their respective synonyms or 
fairly close relatives, seems superfluous, as they are manifestly distinct from Anthro¬ 
podyptes. The humeri that do require wider comparison are those of lsotremornis 
nordenskjdldi and “Arthrodytes” andrewsi. 

Ameghino’s figure (1905) of the humerus of lsotremornis nordenskjdldi looks 
remarkably like the New Zealand Platydyptes amiesi. It would be unwarranted to 
aver specific or generic synonymy without more detailed and direct comparison, but 
the possibility should be looked into. (Note, too, that P. amiesi is one of the geo¬ 
logically youngest of New Zealand fossil penguins; it is still perhaps older than 
lsotremornis, but the difference in age is not great.) By the same token, the short, 
heavy humerus of lsotremornis does not closely resemble that of Anthropodyptes. 

It is uncertain and indeed improbable that the humerus called Arthrodytes 
andrewsi by Ameghino really belongs to Arthodytes. In 1946 I suggested that it 
might possibly belong to an otherwise unnoted species of Paraptenodytes, but on 
reconsideration I think that it cannot possibly be placed in the latter genus. The “A.” 
andrezvsi humerus is as much like that of Anthropodyptes as any known from Pata¬ 
gonia, but here, too, generic identity seems to be excluded. The “A.” andrewsi 
humerus is shorter than that of Anthropodyptes gilli but heavier, larger in all trans¬ 
verse dimensions, both absolutely and relative to the length. The preaxial angle is 
much more produced, is relatively more distal, and the contour below it is more 
sharply concave, almost notchlike. The Pectoralis secundus scar is more oblique, and 
the shaft-condyle angle is less acute. 

Discussions and Conclusions 

There are about 17 or 18 previously known genera of fossil penguins, the exact 
number being indefinite because the validity of several proposed genera is in doubt. 
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The humerus is known, at least in part, in 14 probably valid genera and unknown 
in 3 or 4. It is unlikely on indirect evidence and grounds of distribution that any of the 
latter is synonymous with Anthropodyptes but obviously the possibility cannot be 
absolutely excluded. It is not practicable at present to insist that genera and species 
of fossil penguins be based only on homologous and universally comparable parts. 
That has not been done in the past and insistence on it would deprive us of names for 
many specimens that are nevertheless important and distinctive. So long as a type 
specimen is comparable with a majority of previously named taxa and is clearly dis¬ 
tinct from them, it seems well justified to run a slight risk of creating a synonym. 

Preceding comparisons have shown that the type of Anthropodyptes gilh is 
different from any previously named humeri in characters such as have commonly 
been used to define genera of fossil penguins. The differences, on the whole, are 
greater than those occurring among the humeri of established living genera of 


penguins. . 

Anthropodyptes does not show any unmistakable signs of special affinity with any 
previously named genus. Its humerus is perhaps most like that of Archaeosphenisciis 
from the Duntroonian (purported early Oligocene) of New Zealand, but emphasis 
on other characters might yield a different opinion and it is by no means certain at 
present that degree of resemblance in the humerus is a precise measure of relationship. 

All the fossil penguins are referred at present to the extant family Spheniscidae. 
Several attempts at supergeneric grouping have been made, but none is really satis¬ 
factory. I (Simpson 1946) suggested division primarily on the tarsometatarsus and 
secondarily on the humerus into Palaeospheniscinae, Paraptenodytinae, Anthro- 
pornithinae, Palaeeudyptinae, and Spheniscinae. Anthropodyptes could not enter 
into any of these subfamilies precisely as originally defined, but could be placed 
either in the Paraptenodytinae or in the Anthropornithinae with only such slight 
modification of definition as commonly follows discovery of new forms. 

Marples (1952) showed that some points of my original definition do not apply 
to certain New Zealand specimens. He proposed to divide the family into Palaeeu¬ 
dyptinae and Spheniscinae only, and gave definitions based jointly on coracoid, 
humerus, and patella. Both classifications or either one may have a certain descrip¬ 
tive, pragmatic, or heuristic value, but neither one is likely to prove really natural or 
to be satisfactory when the group is better known. Some points in Marples s de¬ 
finition of the Palaeeudyptinae are not true of specimens that he referred, neverthe¬ 
less, to that subfamily. For instance, it is not true of any known humeri of Platy- 
dyptes or of Archmospheniscus that the “shaft of humerus [is] of even width or 
narrower distally”. Moreover, the coracoid and patella are unknown in a great 
majority of the'species and genera referred to the subfamily defined largely on 

characters of those bones. . 

Marples did not list explicitly all the genera placed by him in his two subfamilies. 
His evident intention, however, was to unite most (probably all) of the usually large 
New Zealand and Seymour Island fossil penguins in the Palaeeudyptinae, while most 
(perhaps all) of the generally smaller Patagonian fossil penguins were placed in the 
Spheniscinae with the recent forms. When the commoner or, especially, the extreme 
forms of the two groups are compared, this arrangement signalizes a distinction in 
general aspect or in morphological facies. It is difficult or impossible, nevertheless, to 
find absolutely diagnostic characters universally present in one group and absent in 
the other. 

In this facies arrangement Anthropodyptes should probably be placed with the 
Palaeeudyptinae of Marples. The group is highly diverse morphologically, more so 
than all the recent penguins together. It doubtless includes a variety of phyletic lines 
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and branches which, however, cannot be or at least have not been clearly identified 
from materials now known. The group probably has primitive characters, almost 
surely with respect to recent forms and perhaps with respect to the smaller Pata¬ 
gonian fossils, but given some degree of primitiveness the resemblance seems to me 
probably adaptive and correlated with the large size of these species. It is not, or not 
wholly, correlated with greater age. The group occurs from Eocene into Miocene in 
Australia and into middle Oligocene, at least, in New Zealand without detected pro¬ 
gressive change. The large Seymour Island penguins are of doubtful age but probably 
are Miocene or in any event no older than late Oligocene. Moreover, forms that 
surely resemble this group more than they do the Spheniscinae occur, although 
rarely, along with smaller species in the Patagonian late Oligocene or, more probably, 
early Miocene: Isotremornis and “Arthrodytes” andrewsi. The Patagonian Para- 
ptenodytes (with some dubious relatives) is intermediate in size and also in mor¬ 
phological facies. 

The smaller Patagonian fossil penguins, species of Palaeospheniscus and its 
apparent allies, cover much the same size range as recent penguins. As Marples has 
emphasized by referring them to the Spheniscinae, they also resemble the recent 
penguins in morphological (I would infer, adaptive) facies more than do the larger 
extinct species. Nevertheless, they have numerous and apparently important struc¬ 
tural differences from recent penguins (even more in some other bones than in the 
humerus) and not all of these characteristics are likely to be merely primitive and 
ancestral (Simpson 1946). 

A single species, Palaeeudyptes antarcticus, is reported (Marples 1952) as 
ranging from late Eocene to middle Oligocene in New Zealand, and the same species, 
or one very like it, occurs in the late Eocene of Australia (1957). Apart from that, 
there are no genera now recorded as common to any two of the four broad regional 
occurrences of fossil penguins. Except for Palaeeudyptes and for Platydyptes in the 
immediately successive Oligocene Duntroonian and Waitakian (Marples 1952), the 
successive finds of penguins in Australia and New Zealand also have no known 
genera in common. Anthropodyptes raises to 3 the number of known successive 
occurrences in Australia, extends these upward into the Miocene, and represents a 
new, definable genus that is peculiar to Australia as far as yet known. 
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PROVENANCE OF FOSSIL PENGUIN FROM WESTERN VICTORIA 

By Edmund D. Gill 

Curator of Fossils, National Museum of Victoria 
[Read 11 December 1958] 

Abstract 

The field occurrence and age of the holotype of Arthropodyptes gilli Simpson are described. 
Although the specimen was not found in place, the attached fossils, preservation, circumstantial 
evidence and fluorine test show the fossil to be of Miocene age. 

Field Occurrence 

At the request of Dr. G. G. Simpson, this paper sets out data relative to a fossil 
penguin humerus found non in situ on the Glenelg R. in Western Victoria, and 
described in an accompanying paper as Arthropodyptes gilli Simpson, new genus, 
new species. The bone was found resting on a freshly eroded horizontal platform of 
grey Miocene marine marl on the left (E.) bank of the Glenelg R. at the downstream 
(S.) end of Devil’s Den, N. of Dartmoor, Western Victoria (see Fig. 1). The site 
is marked “Bw” on the map published by Singleton (1941, p. 46). The specimen 
was found by the writer on 12 November 1950, and was first determined by Dr. T. 
Allan Berry of New Zealand. 

River cliffs of 60 to 100 ft. characterize this part of the river valley, and they 
consist of fawn to yellow Pleistocene calcareous dune, beach, and shallow marine 
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sands overlying disconformably grey to bluish grey Miocene marine calcareous 
clayey silt and marl. The Tertiary beds at the contact between the two formations 
are in places bored by marine boring molluscs ( Pholas ) and the shells are preserved 
in many of the burrows. A typical section shows 20 ft. of Pleistocene beds resting on 
70 ft. of Tertiary strata. Boutakoff and Sprigg (1953) have included the Tertiary 
rocks in their Glenelg Group and the Pleistocene rocks in the Whaler’s Bluff Forma¬ 
tion of the Normanby Group. The base of the Werrikoo Member of the Whaler’s 
Bluff Formation has been regarded as the base of the Pleistocene (Gill 1957b). The 
Tertiary rocks belong to the Balcombian Stage (in its wider definition) of the 
Miocene Period (cf. Singleton 1941, Crespin 1943). 

Age of Penguin Fossil 

When the penguin humerus was collected, it gave the impression that the bone 
had been eroded recently from the Miocene bed by gentle river erosion, being left 
behind because of its weight. It had not been transported because delicate Dimya. 
shells were attached to the heavy mineralized bone. It is considered that the fossil 
bone came from the Miocene formation because: 

1. Cemented to the bone are specimens of the marine lamellibranch Dimya 
dissimilis Tate 1885, which must have grown on the humerus as it lay on the sea 
floor. Dimya is found in the Miocene beds on which the bone lay, but not in the 
overlying Pleistocene beds. The genus is unknown in post-Miocene beds in Victoria, 
and it is not known to be living in Victorian waters at the present time. Dimya 
corrugata Hedley 1902 is the only living Australian species, and this occurs in the 
warmer waters of New South Wales and South Australia. It is distinct from the 
Miocene species attached to the penguin bone. Hedley (1902) found Dimya corru¬ 
gata in dredged material from 63-75 f. (378-450 ft.) off Port Kembla, N.S.W. As 
described above, there are only two formations of rocks from which the fossil pen¬ 
guin bone could come, and they are completely different in facies. The Miocene 
formation consists of fine deeper water sediments with an appropriate fauna, while 
the Pleistocene formation consists of much coarser sediments of sand size with some 
lenticles of gravel. At the base of the Pleistocene formation in this area is a highly 
fossiliferous shallow water marine bed overlain by what appears to be beach deposits, 
then by sand ridge and dune structures. Dimya belongs to the Miocene and not the 
Pleistocene facies. 

The different types of sediments and their relative positions have resulted in 
different types of preservation. The fossils in the Pleistocene formation at Devil’s 
Den consist of casts and molds except where the shells are calcitic (e.g. Ostrea). 
The beds are leached and fully oxidized. On the other hand, the Tertiary beds are 
bluish grey to grey, unoxidized, and both aragonitic and calcitic shells are preserved. 
The Dimya shells attached to the penguin bone are unaltered. The bone itself is not 
leached, but heavily mineralized. Thus it fits the provenance of the Tertiary beds 
and not that of the Pleistocene beds. 

2. A fluorine-phosphate analysis of the penguin humerus was kindly made by 
the Chief Government Chemist of Victoria, Mr. W. R. Jewell, with the following 
results: 

Fossil %F %P20s 

Penguin humerus (holotype) .. .. 3 14 30 3 

Bone from Miocene formation .. .. 2-69 26 8 


Fluorine 

Index 

10-4 
10 0 
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No other bone was found at Devil’s Den, either in the Miocene or in the Pleistocene 
rocks. A bone from the same Miocene formation at Portland was therefore used as 
control. No fluorine index as high as 10 has been found in Victoria for bones of 
post-Tertiary age, not even in the basaltic areas where the concentration of fluorine 
in the rocks is higher. There are no volcanic rocks in the Devil’s Den area. On the 
other hand, the fluorine index is consistent with the indices of bones from mid- 
Tertiary localities (Gill 1955, 1957a). 

The evidence thus leads to the conclusion that the penguin bone is of the age of 
the Miocene marine formation on which it was found. At the same time as the pen¬ 
guin bone was collected, the following Miocene fossils were obtained at Devil’s Den: 

Dentalium ( Fissidentalhim) mawsoni Ludbrook 
Dimya dissimilis Tate 
Glycymeris cainozoica (Woods) 

Limopsis maccoyi Chapman 
Murravia catinulijormis (Tate) 

Natica polita Woods 

Protochiton granulosus (Ashby & Torr) 

Volutilithes antiscalaris (McCoy). 

Brown (1957) has recorded Miocene polyzoa from this same site (loc. X). 
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SOIL EROSION IN RELATION TO THE DEVELOPMENT OF 
LANDFORMS IN THE DUNDAS AREA OF WESTERN 
VICTORIA, AUSTRALIA 

By Margaret Eleanor Marker 
[Read 11 December 1958] 

Introduction 

Soil erosion is usually considered to be caused by man. Yet there appears to be a 
close relationship between severe soil erosion and naturally unstable areas. Normal 
erosion is an imperceptible process; soil loss is balanced by soil formation. Yet even 
in virgin country erosion may become evident in exceptional circumstances, due to 
the acceleration of the normal processes of erosion after this balance has been upset. 
The amount of disturbance necessary to initiate accelerated erosion is dependent on 
the natural stability of the area. In this paper a naturally unstable area is considered 
to be one in which the balance between the processes of soil formation and the forces 
of erosion is precarious, and where a slight change of conditions will initiate marked 
accelerated erosion. 

Soil erosion affects the productivity and economic unity of farms in many newly 
settled areas, and is most serious near the climatic margin of safe agriculture. Soil 
erosion is only a manifestation of the acceleration of the normal processes of erosion. 
The severity of this erosion depends on two fundamentals. These are, firstly, the 
resistance of a landscape to the forces of erosion and, secondly, the intensity of those 
forces. The former, to a large extent, is governed by the structure and strata of the 
land, and its evolution; the latter depends, at least partially, on climatic periodicity, 
both past and present, in so far as changes of climate alter the importance of different 
agents of erosion. The severity of erosion depends on the natural stability of the 
landscape, which is a legacy of its past. 

This paper discusses soil erosion in relation to landform in the Dundas area of 
Western Victoria, Australia. In this region a polycyclic landscape has been affected 
by severe water erosion with associated landslides. Furthermore, changes brought 
about by settlement, begun only 120 years ago, are still apparent and their effect on 
erosion can be determined. Very little detailed mapping had been done in the area 
However, outline maps, on a scale of 1: 23,760, derived from the 1946 photo-mosaic 
coverage, were available but height measurements taken from aneroid readings only 
covered the SE. part of the area. This paper is based on data collected in the field 
during 1955 and 1956. 

The Dundas area covers approximately 2,000 sq. m. in Western Victoria and 
lies 200 m. W. of Melbourne and 300 m. S.E. of Adelaide. It is a region of deeply 
dissected plateaux with a few residual knolls and ranges rising above the plateau 
levels. Although structurally it forms the W. extension of the Great Dividing Range, 
the N.-S. ranges of the Grampian mountains separate it from the typical rolling hill 
country of the Dividing Range itself. The plateaux are distinct from the relatively 
level emergent marine plains which surround them to the N., W. and SW., and from 
the rolling basalt plains of the Western District of Victoria, which themselves largely 
overlie marine deposits (Fig. 1). 
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Three platforms make up the Dundas area: the 1,000 Foot plateau, the Dundas 
Tablelands 750 to 550 ft., and the Dergholm Platform 550 to 300 ft. On the E. margin 
of the area the Grampians sandstone ranges and their outlier, the Dundas range, 
(Mt. Dundas 1,535 ft.) rise abruptly to about 2,000 ft. In the N. occasional granitic 
knolls reach 800 ft. The 1,000 Foot plateau is the highest surface. It is separated 
from the Dundas Tablelands, on its S. and E. margins, by a well-marked fault, but 
northwards it slopes back to merge with the lower surface. The Dundas Tablelands 
surround the 1,000 Foot plateau and are the most extensive of the three platforms. 
From their maximum elevation at the foot of the Dundas range, the Dundas Table¬ 
lands slope N. and S. towards the emergent marine plains. Westwards their trend 
is continued by the structurally distinct Dergholm Platform. It too slopes towards 
the marine plains from which it is separated by the Kanawinka Fault (Fig. 1). 

All three platforms have been deeplv dissected by a closely integrated drainage 
network (Fig. 2). The master stream, the Glenelg R., rises in the Grampians and 
flows N., then W. and turns S. at Dergholm, meandering across the periphery of the 
Dundas area to reach the Southern Ocean at Nelson (Fig. 1). Its most important 












SOIL EROSION IN THE DUNDAS AREA 


127 


tributary, the Wannon R., holds a similar course across the S. part of the area, 
modified in part by the Tertiary basalt flows (Fenner 1918, p. 110). A closely inte-^ 
grated radial stream pattern has developed tributary to the Glenelg and Wannon R.* 
(Fig. 2). This pattern appears to have been initiated on a NW.-SE. axis which 
dipped NW. and which was formed before the break-up of the plateau surface. Deep 
dissection has taken place and down-cutting is active. The relatively short tributary 
streams are actively corrading their beds. Even the major rivers have steep grades in 
their upper courses, although they flow across flood plains above their confluence at 
Casterton, 200 ft. O.D. 

Soil erosion has affected the channels and slopes of most of these deep valleys. 
Almost all the watercourses have been gullied and have cut into the old valley floors. 
Gullies of varying severity affect both natural and artificial drainage channels and 
may dissect steep slopes along lines of periodical storm flow. These gullies extend by 
rapid headwards erosion. Sheet erosion, however, is restricted and not serious. 
Landslides are the most serious feature of this erosion. Landslides, on every scale, 
scar and undercut many of the steeper slopes, apparently unrelated to other forms of 
erosion. The causes of this severe erosion must be sought in the past history of the 
area. 

The Structure of the Land 

The geological structure of the Dundas area is complicated. The area lies within 
the fault belt of Victoria (Boutakoff 1952, pp. 25-61). Bounded in part by faults, it 
has itself been faulted and differentially uplifted. The Lower Palaeozoic basement of 
Victoria, a complex of schists, tuffs and granitic rocks, outcrops over most of the N. 
part of the Dundas area. Permo-Carboniferous tillites and fluvio-glacial beds, chiefly 
incoherent clays and sands, have been preserved in hollows in this basement (Marker 
1957 unpublished). Mesozoic lake sediments, consisting of mudstone and some 
felspathic sandstone, outcrop S. of a line from Dergholm to Coleraine and N. of the 
basalt flows (Fig. 2). Tertiary volcanic activity is represented by a series of trachyte 
outcrops associated with the 1,000 Foot fault. Later localized basalt flows preceded 
by extrusion of the main Western District basalt sheets (Marker 1957 unpublished). 
Thus in the Dundas area, fairly resistant Lower Palaeozoic basement rocks and 
Tertiary volcanics outcrop against relatively easily eroded Permian glacial and 
Mesozoic lake sediments. All these rocks have been bevelled by a Mesozoic-Tertiary 
planation surface. 

This surface has been preserved by a laterite capping of probably Mio-Pliocene 
age (Hills 1955, p. 33). This is a fossil soil which formed on a relatively level surface, 
probably near base-level, under conditions of a high and fluctuating water-table 
(Hallsworth and Costin 1953, pp. 32-33). Extreme breakdown of rock took place 
during a very long period of stability. 100 ft. of soil and weathered rock are not un¬ 
common on some granites. Alternate reducing and oxidizing conditions formed a 
soil with deep well-developed horizons. Underlying the topsoil which has since been 
wholly modified by later processes of soil formation or stripped by soil creep, an 
illuvial horizon of concretions formed as gravel, nodular, or massive ironstone, con¬ 
taining some manganese. Beneath this hard layer, which forms the present plateau 
capping, is a mottled red and yellow clay which passes down into bleached kaolin 
clay. Slight differences in texture occur in laterites developed from parent materials 
with different mineral compositions, but in general the laterite capping is uniform 
throughout the area. This fossil soil has preserved the old erosion surface. It forms a 
hard but permeable capping, but the clays themselves are liable to erosion, as they 
become fluid when saturated. Thus the presence of this laterite capping, super- 
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Fig. 2. —The laterite tableland cappings in relation to the geology of the Dundas area. 
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imposed on very varied geological strata, has increased the hazard of erosion. The 
uplift of such an unstable area would necessarily be followed by extensive erosion. 

The Evolution of the Land 

The dissection of the Dundas area has been accomplished chiefly by fluvial down¬ 
cutting. This has not been a steady process. The rejuvenation of fluvial corrasion 
was initiated by the gradual breakup of the old surface during the Pliocene (Bouta- 
koff 1952, p. 21). Uplift began with movement along the Kanawinka fault and 1,000 
Foot fault and took place over a period of time. The intensity of the forces of erosion 
at work was directly related to this uplift and to the later gradual withdrawal of the 
sea from the foot of the Kanawinka scarp to the present coast (Sprigg 1952, p. 75). 
Although this area was itself unglaciated, it was affected by Pleistocene eustatic 
changes of sea level. The well-preserved series of relict back-shore dunes in SW. 
Victoria and the SE. of South Australia mark stages in the fluctuating retreat of the 
Pleistocene seas from a height of 300 ft. near the Kanawinka fault to 40 ft. below 
present sea level at the coast (Sprigg 1952, pp. 46-55). The outlet of the Glenelg R., 
master stream of the area, was deflected SE. to its present mouth at Nelson, where, 
during the last low sea level, it cut a gorge 90 ft. below present sea level (Sprigg 
1952, p. 75). Flood plains associated with the post-glacial rise of sea level, have since 
formed upstream. Such changes in base-level, continuing into the Recent period, 
greatly affected the erosion of the Dundas area. Their fluctuations would tend to 
maintain and accentuate the inherent instability of the area by the formation of a 
landscape which had had no time to reach equilibrium with the forces of erosion at 
work on its surface. 

Plio-Pleistocene and Recent climatic changes, by altering the balance between the 
agents of erosion, must themselves have added to this instability. With the onset of 
the Pleistocene glacial epoch, cool temperate conditions replaced the warm humid 
climate which had persisted since the formation of the laterite. Pleistocene climatic 
fluctuations were associated with the advance and retreat of the ice. Furthermore, 
during the post-glacial period one or two arid periods have alternated with a more 
humid climate similar to the present (Gill 1954, Whitehouse 1940). These arid 
periods have left their trace in the sheets of blown sand which cover the South 
Australian marine plains and the W. edge of the Dundas area (Fig. 2). Climatic 
changes over a long period of time would tend to increase the lack of adjustment 
between the forces of erosion and the landscape. 

The present climate also accentuates this liability to erosion. Although the rain¬ 
fall is relatively high, ranging from over 40 in. p. annum in the Grampians and 32 in. 
on the 1,000 Foot plateau, to 23 in. in the Coleraine valley rain shadow, it has ranged 
as much as 50% above or below the mean (Fig. 5). Temperatures are high enough 
to ensure that evaporation exceeds precipitation during the summer. Most of the area 
thus has a dry season of 2£ to 4 months, usually extending from early January to 
mid-March or April. The first rains of autumn are invariably associated with 
thunderstorms and fall on ground baked hard by summer heat and, after a bad 
season, probably devoid of protective vegetation. The climate is characterized by both 
seasonal and cyclic periodicity which accentuates any tendency for erosion to 
develop. 

The Dundas area contains a legacy of inherent instability, a combination of 
structure and a fluctuating rejuvenation, hampered by climatic periodicity. Even in 
such an unstable area, equilibrium would be reached in time, but changes in the 
Dundas area have been too recent for this balance to be permanent, 
c 
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Soil erosion, caused by the acceleration of the normal processes of erosion, now 
scars the slopes of the Dundas area. Any discussion of these processes must rely on 
recent examples which, incidentally, may be classified as soil erosion if they occur on 
agriculturally productive land. Since, however, similar phenomena may occur on 
uncleared land, less accessible to study, there appears to be no basis to justify dis¬ 
cussing the processes of normal erosion and accelerated erosion separately. 

Fluvial down-cutting is active throughout the area. Gorges and deep V-shaped 
valleys are usual. Gentle valley slopes are found only in the headwaters where re¬ 
juvenation is incomplete. Wide valleys with flood plains are confined to areas of 
weaker Mesozoic rocks, where lateral corrasion has been better able to keep pace 
with down-cutting. Situated in the SW. of the area, nearer base-level, these beds 
were first affected by renewed erosion. Erosion here has been strong enough to 
destroy most of the laterite residuals. 

Convex slopes below the laterite crest are typical of the area, although even they 
are subject to channel erosion which takes the form of gullies with steeply concave 
profiles. The more usual concave slopes of water flow are only apparent where 
erosion has been greatest, particularly in the SW. Deep weathering before rejuvena¬ 
tion and the weak nature of much of the strata, especially the Mesozoic and Permian 
beds, have favoured the development of slopes by creep. The convex valley slopes 
are thus the product of sub-aerial weathering causing creep, which reaches maximum 
efficiency where soils are deep and easily moved by water lubrication. But soil creep 
is relatively ineffective as a valley-widening agent. Under ‘normal’ erosion, valleys 
are widened by the gradual reduction of interfluves and the lateral corrasion of 
closely integrated streams. In this area the slopes have been preserved by a hard 
capping. Down-cutting has been too rapid for tributaries to maintain their base-level 
and at the same time to widen their valleys. Normal valley widening has occurred 
only where resistance to erosion has been least. Elsewhere, valley widening has been 
effected by mass soil movement or landslides. 

Landslides are closely associated with spring sapping below the laterite crest. 
They develop on clays which expand and become fluid when wet. There are two 
main types of landslide, depending on the water-absorbing properties of the soils. 
First, landslides on a concave slip plane, and secondly, mudflows with long semi- 
liquid tongues. Often the largest phenomena are a combination of both types (Fig. 
3). Landslides, as a normal process of valley widening, may start near the top or in 
the middle of steep slopes. Seepage springs develop between the ironstone and clay 
horizons of the laterite, which lubricate the bedrock planes and, by sapping, open a 
wide crack at the head of the slope, which allows further percolation and lubrication. 
Movement begins immediately below the ironstone layer and undercuts it. Such 
landslides move on a concave slip plane while the clays remain solid. Often, however, 
movement on a concave slip plane only precedes the outpouring of the semi-liquid 
clay (Fig. 3). 

The movements which start halfway down the slope are also due to spring sap¬ 
ping and water lubrication, but they are not necessarily confined to slopes with a 
laterite capping. They are associated with springs developed along geological junc¬ 
tions. These are mudflow types, most frequent on glacial and lacustrine clays which 
expand when wet (Thorp 1957, pp. 16-7). When the pressure of the semi-liquid 
clay becomes too great, it erupts from the hillside along lines of weakness, often 
rabbit burrows, and flows down on the surface (Downes 1949, p. 283). Slumping 
takes place from above. 

The landslides are caused by a combination of mobile bedrock, the development 
of springs, and the maintenance of steep slopes. Although these movements are im- 
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Fig. 3.—A compound landslide in glacial beds N. of Coleraine. 


portant in reducing the extent of the capped interfluves, they rarely affect the whole 
slope. Landslides on such a large scale occur only along constricted valleys of major 
drainage lines. Although they may show signs of spring sapping and mudflow, they 
are initiated by fluvial undercutting which renders the whole slope unstable. Thus 
they are confined to the river cliffs of actively corrading rivers. Scars of very old 
landslides, half-hidden by vegetation, as well as more recent phenomena, are frequent 
in the valleys of the more important streams (Fig. 4). These earth movements, 
acting in conjunction with soil creep, appear to be the natural valley-widening pro¬ 
cess in an area of seasonal rain in a geologically weak area rendered unstable by 
rapid rejuvenation. Thus the normal processes of erosion in the Dundas area are 
fluvial corrasion, landslides and soil creep. It is likely that under natural conditions 
these erosion features became evident only after exceptional climatic variations. 

The Settlement of the Land 

The first settlers seem to have found a well-vegetated landscape with no scars of 
erosion. Apparently this inherently unstable area had found a precarious balance. 
Within a few years this was once more upset. Instability was renewed as land-use 
changed, and accelerated erosion became an economic problem. 

In 1837 the Henty brothers reached Muntham from Portland. Settlement was 
rapid and by 1840 there were about 27 settlers in counties Dundas, Follett, and 
Normanby, outside the Settled District of Portland Bay. By 1850 there were about 
127 holdings with 758,000 sheep and 66,700 cattle (Billis and Kenyon 1932). 
Settlement gradually became closer and stock numbers appear to have reached a 
peak in 1890 and then declined, reaching a second and lower maximum during the 
Second World War. Overstocking brought about the gradual decline in the number 
of cattle and sheep in the area and was accentuated by drought at the end of the 
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Fig. 4.—Accelerated erosion related to geological structure near Coleraine. 
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nineteenth century. Stock numbers alone, however, only represent a degree of over¬ 
stocking. The combined effect of a rapidly increasing rabbit population, for which 
only estimates can be made, and a high stock density, was sufficient to alter the com¬ 
position of the vegetation. Severe droughts at the end of the nineteenth century, in 
turn, denuded the natural pastures. 

The need for self-sufficiency in the early days of settlement meant that large 
acreages were cleared for cultivation by European methods unsuited to Australian 
conditions. Much of the early erosion was caused by ploughing up and down slopes 
on the deeper, more fertile soils. However, cultivation ceased as soon as railway 
communications made cheap supplies available. Nevertheless, the change in land-use, 
clearing, cultivation, and heavy stocking had initiated accelerated erosion. In the 
past 120 years this has resulted in the lowering of the drainage lines 10 to 20 ft. 
below their old levels. Active rejuvenation has been initiated by the settlement of an 
unstable area. 

Before settlement in 1837, the natural vegetation of most of the Dundas area was 
savanna-type open grassland, adapted to grazing by a relatively low density of 
native animals. The grass cover consisted of Danthonia, Themeda and Stipa species. 
In 1840, 37 different varieties of grass were counted on a property at Wando Vale, 
but after a few years the pasture composition changed (Robertson 1853). Species 
palatable to the closer grazing ruminant animal were eaten out. Others sensitive to 
trampling and burning disappeared, and the pasture became dominated by Danthonia 
species which have proved resistant to heavy grazing, close cropping, and frequent 
burning, whether intentional or accidental. Other perennial species were replaced by 
tufted annuals, or by weeds and plants unpalatable to stock. Much of this vegetation 
died by the end of the summer dry period, and the ground was laid bare to sheet and 
gully erosion during the sudden heavy storms of late summer. 

The timber on the plateaux probably formed a scattered cover. On the Dundas 
Tablelands the most important species are Red Gum ( Eucalyptus camaldulensis syn. 
rostrata), Manna Gum (E. viminalis ) and-Swamp Gum (E. ovata.). On the wetter 
1,000 Foot plateau Red Gum is replaced by Snow Gum (£. coriaceae). With Manna 
Gum and Swamp Gum it formed a fairly dense woodland. The valley slopes seem to 
have been protected by a dense thicket of Blackwood ( E . melanoxylon) , wattles, 

(Acacia armata and mollissvma), and Sheoak ( Casuarina stricta). When the first 
settlers arrived on the Wannon a track had to be cut for the oxen. Now the same 
slopes are bare. On the W. sandy soils Stringybark scrub (£. Baxteri) and heath 
(Epacris spp.) remain the natural vegetation. 

This tree cover has been severely limited by clearing and burning. During the 
rush of settlement, pastures were improved by the natural regeneration of native 
grasses after the tree cover had been thinned. Such clearing was achieved by whole¬ 
sale ring-barking, a practice whereby a girdle of bark is removed from the base of 
a standing tree and the tree left to die in situ. Today, about 70% of all standing 
timber is dead. It has been ring-barked. Living trees are now confined to the higher 
parts of the plateaux and along stream banks. No trees at all to about 6 per acre is 
the present cover. The natural replacement of the trees has been prevented by heavy 
stocking and rabbit infestation. Seedlings can grow only within rabbit- and stock- 
proof fencing. Rapid destruction of a dense tree cover has upset the water regime. 
The full force of the precipitation now falls directly on soil no longer 1 eld together 
by a fine network of roots. The reduced vegetation cover absorbs less moisture. More 
water is available to find its way out through springs. 

Under natural conditions most of the valleys were floored with rush and Tussock 
Grass (Poa caespitosa ) which held together the alluvium and slowed the entry of 
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run-off into the streams. These species were killed by the trampling of stock coming 
to drink and by the higher mineral content leached by the increased run-off. 

The changes brought about by settlement were twofold. In the first place the 
changing land-use was followed by a reduction of the natural vegetation without its 
replacement by sown pastures. Secondly, the high rate of stocking and the cultivation 
of unsuitable soils resulted in the consolidation of the ground surface. Thus less 
precipitation was absorbed by the reduced vegetation and less could penetrate the 
soil. Surface run-off, especially from the slopes, increased. An unstable land was 
laid bare to the effects of erosion and a greater run-off increased the intensity of the 
processes of erosion. Accelerated erosion became evident not many years after 
settlement began. 

Early records show that the number of springs increased soon after settlement 
began (Robertson 1853). While there may be a climatic explanation, it is probable 
that this increase is related to the disturbance of the normal water regime of the area. 
After the destruction of the vegetation cover more moisture was available. Some must 
have been absorbed by the soil, especially on the level tablelands. Much of this water 
then emerged as springs on the slopes below the laterite capping. The recent seasonal 
drying of these springs must be associated with the more rapid lowering of the 
water-table by the same springs. One effect of the changing land-use has been the 
accentuation of periodicity in the regime of the water supply, a feature which would 
itself increase the erosion hazard. 

The development of springs was followed by the leaching of salts stored in the 
soil. These salts were deposited on the slopes below the springs and seepage sites 
and along the drainage channels. The natural vegetation was replaced by a few salt- 
tolerant species which were unable to protect the soil from erosion. The disappear¬ 
ance of Tussock Grass from the valley flats was due, in no small measure, to the 
increased salt content of the water which it could not withstand. Salting has become 
a serious problem wherever laterite forms part of a landscape undergoing accelerated 
erosion (Burvill 1947, p. 16). 

In areas of seasonal rain, the seasonal downward movement of water is in¬ 
sufficient to remove all the cyclic salt brought by on-shore winds. Gradual accumula¬ 
tion of salt in the soil takes place, especially if the drainage is restricted. This 
accumulation can be very great. At Merredin in Western Australia, 150 m. inland, 
an average of 16 lb. of salt per acre per annum was collected over a period of 4 years 
(Burvill 1947, p. 15). The farthest part of the Dundas area is now not more than 
90 m. inland. During the period of restricted drainage before the erosion surface 
broke up, the coast was closer and the amount of salt deposited presumably greater. 
Although some of this salt was leached during the Pleistocene rejuvenation, a pro¬ 
portion was retained in the soil. The recent man-induced rejuvenation has been 
followed by excessive seepage, with leaching and salt deposition on the slopes and 
drainage channels. The minerals have killed the vegetation and left the ground open 
to the effects of accelerated erosion. 

Gullies of varying depth and severity now occur throughout the Dundas area. 
Some were initiated by early cultivation. Others were started by spates along 
drainage channels and stock tracks. Today, every slope is cut by gullies 15 or more 
ft. deep. Their severity is a measure of this recent rejuvenation initiated by increased 
run-off. 

Soil creep only becomes an economic problem, however, where the vegetation has 
been stripped on the steepest slopes. Deeply weathered granites have alone proved 
vulnerable to soil wash. Elsewhere it can be controlled by pasture management. How- 
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ever, the tilted fences and telephone poles, even on moderate slopes, testify to the 
presence of active creep which can become a serious problem on badly managed 
slopes. 

The acceleration of erosion has been followed by extensive landslides. These are 
serious as they affect many slopes in the more fertile farming areas. Landslides may 
occur at the top, in the middle and at the bottom of slopes. Major movements, start¬ 
ing immediately below the ironstone capping, although common, are localized. They 
occur in two areas—along the upper Glenelg valley, and S. of a line from Gritjurk to 
Muntham. They are confined to slopes on unstable Permian glacial beds and in¬ 
coherent Mesozoic sediments (Fig. 4). Only a few large landslides have occurred 
outside these zones, on deeply weathered granite slopes. 
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Landslides at the bottom of slopes, caused by streams undercutting unconsoli¬ 
dated beds, have become frequent. Some occur in the lateritic clays where the streams 
have not yet cut through into bedrock. Others occur along streams cutting through 
weathered granite, Permian beds, or Mesozoic sediments. But such landslides are 
not peculiar to this district. They occur wherever accelerated erosion has led to the 
rapid deepening of channels by gullying. 

Although major landslides are known to be due to the acceleration of the normal 
processes of erosion in this unstable area, they also appear to be related to the in¬ 
cidence of precipitation. A series of dry years when the vegetation will be consider¬ 
ably depleted, followed by a wet year, favours movement. Many recent landslides 
were initiated in 1946 when 10 in. of rain fell in March after a dry summer, and in 
1952, another wet year (Fig. 3). A study of the annual rainfall totals for the West¬ 
ern District of Victoria suggests that 1880, 1893, 1916, 1923, 1939, 1946, and 1952 
were all liable to landslides (Fig. 5). These landslides are a potential danger on 
the unstable clays of the Dundas area. Their initiation and maintenance is governed 
largely by seasonal climatic conditions. 

Some deposition of coarse material has occurred on many valley flats and is 
gradually filling in the beds of streams, making them more liable to flood. Within 
living memory water holes have silted up. Yet, as the flats are not considered good 
farmland, the problem has scarcely been considered as a product of accelerated 
erosion. 
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Conclusion 

Accelerated erosion in its most serious form is manifest throughout the Dundas 
area; this area has been classified as one of the worst affected in the State of Victoria. 
Erosion has become a feature of the landscape almost within living memory. For 
this reason it has been considered as a man-made problem. Accelerated erosion has 
been induced by a rapid increase in the run-off from springs and from the surface, 
caused by the destruction of the natural vegetation as a result of burning, clearing, 
and grazing. This has been the usual sequence in the lands colonized during the nine¬ 
teenth-century expansion, yet not everywhere has it been followed by acute soil 
erosion, the product of accelerated erosion. Only in those areas which were inherently 
unstable could rapidly changing social conditions bring about such a rapid and 
disastrous rejuvenation of the erosion processes. 

The Dundas area is a naturally unstable area with a legacy of past instability. The 
advent of settlement upset the precarious balance and was followed by an acceleration 
of erosion sufficient to initiate a new cycle of erosion. Usual methods of erosion con¬ 
trol will be relatively ineffective here, by treating individual outbreaks, until the 
steepest slopes have reached a more gentle angle of rest and the tributary streams 
grade, within their profiles. The improvement of deteriorating soils by the use of 
fertilizers, and the growth of an adequate vegetation cover, using introduced sown 
pastures, can do much to reduce present run-off and allow a new equilibrium to be 
reached. This is the only possible economic policy. Either the land will deteriorate 
further until it becomes too costly to work, or expensive improvements must be 
undertaken. These improvements will themselves increase the carrying capacity of the 
land and thus, ultimately, repay the initial outlay again and again. Such pasture 
development, however, will be ineffective unless it is accompanied by careful grazing 
management and the control of rabbits. In the Dundas area man has interfered, 
albeit unwittingly, with a particularly precarious equilibrium. Only if man can reduce 
the consequences of his earlier policy, can there be any hope of reaching a new 
equilibrium. 
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Read ‘(Fig. 2)’ instead of ‘(Table 1)’. 

Read ‘(Fig. 2)’ instead of ‘(Table 1)’. 

Read 'Deflandrca pellucida (Defl. and Cookson) comb, nov.’ instead of ‘sp. nov.’ 
Insert below this line ‘(PI. II, fig. 11)’. 

Read ‘figs. 5-10’ instead of ‘fig. 8’. 

Read ‘1955’ instead of ‘1954’. 

Suppress repetition of size range ‘81-109 etc.’. 

Read ‘1405-37 ft.’ instead of ‘1390-1400 ft.’. 

Read ‘(Fig. 2)’ instead of ‘(Table 1)’. 

Read ‘(PI. XI, figs. 5, 6)’ instead of ‘(PI. XI, fig. 13)’. 

Read ‘Hys trickosphaeridium parvispinwm (Deflandre) comb, nov.’ instead of 
‘sp. nov.’. Also p. 76, line 40, and p. 78, line 30. 

Insert ‘6’ after ‘Aust. J. Mar. Freshw. Res’ 

Read ‘Cannosphaeropsis aemula (Defl.)’. 

Read ‘(PI. VII, figs. 8, 9)’ instead of ‘PI. VIII, figs. 8, 9’. 

Read ‘(PI. XII, figs. 7, 8)’ instead of ‘figs. 7, 10’. 

Read ‘PI. IX’ instead of ‘PI. VIII’. 

Read ‘of another specimen’ instead of ‘of a paratype’. 

Above name of species insert ‘Genus Nannoceratopsis Defl.’ 

In caption of Fig. 19 read ‘Nannoceratopsis pellucida Deflandre’ instead of 
‘Nannoceratopsis pellucida sp. nov.’. 

Read ‘antapical horn’ instead of ‘apical horn’. 

Read ‘antapical horn c. 38m’ instead of ‘apical horn 38m’. 

Insert under specific name ‘(PI. V, fig. 1)’. 

Read ‘stratigraphy’ instead of ‘statigraphy’. 

Read ‘stratigraphy’ instead of ‘stratriography’. 

Read ‘stratigraphy’ instead of ‘statigraphy’. 

Read ‘Range Well No. 1’ instead of ‘Rough Range Well No. 2’. 

Read ‘Well No. 7 at 2360-75 ft.’ instead of ‘Well No. 1 at 2000 ft.’. 

Read ‘PI7763’ instead of ‘P17278’. 

Read ‘P17764’ instead of ‘P17280’. 

Read ‘Cannosphaeropsis aemula (Defl.)’. 

Read ‘P17765’ instead of ‘P17446’. 

Read ‘Hypotypes’ instead of ‘Paratypes’. 

Read ‘P17484’ instead of ‘P17481’. 

Read ‘45-49 ft.’ instead of ‘45149 ft.’. 

Read ‘Well 1’ instead of ‘Well 6’. 

Add below this line ‘Fig. 14 .—Hystrichosphaeridium dictyophorum sp. nov. 

Omati, Papua, I.E.C. Well 1, Sample 27 x c. 270. P17472’. 

Read 'Cannosphaeropsis aemula (Defl.)’. 

Read ‘Omatia montgomeryi sp. nov. ... 60’ instead of ‘69’. 

Read ‘Palaeohystrichophora infusorioides Defl.’ instead of ‘sp. nov.’. 
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Read ‘Infraturma Laevigati (Bennie and Kidston 1886) emend. Potonie 1956*. 
Read ‘Genus Divisisporites (Thomson 1952) emend. Potonie 1956’. 

Read ‘Infraturma Apiculati (Bennie and Kidston 1886) emend. Potonie 1956’. 
Read ‘Genus Granulatisporites (Ibrahim 1933) Potonie and Kremp 1954’. 
Read ‘ Kuylisporites ’ instead of ‘ Kulyisporites ’. 


Read ‘ Cyclosporites’ instead of ‘ Radiatisporites ’. [See Cookson, Isabel C., 
and' Dettmann, Mary E., 1959. Cyclosporites, Cretaceous micro- 
spore : corrected name. Aust. J. Set. 21; 8.] 


Read ‘ Mohrioisporites ’ instead of ‘Mohriorisporites’. 

Read ‘Genus Pyrobolospora Hughes 1955’. 

Delete ‘1958’. 

Read ‘Genus Balmeisporites Cookson and Dettmann 1958. 

Read ‘Turma Zonales (Bennie and Kidston 1886) emend. Potonie 1956 
Subturma Auritotriletes Potonie and Kremp 1954 
Infraturma Auriculati (Schopf) Potonie and Kremp 1954 
Genus Trilobosporites (Pant 1954) ex Potonie 1956’. 

Read ‘Genus Cingulatisporites (Thomson 1953) emend. Potonie 1956’. 

Read ‘Genus Lycospora (Schopf, Wilson and Bentall 1944) Potonie and 
Kremp 1954’. 

Read ‘(1956)’ instead of ‘(1954)’. 

Read ‘figs. 1-2, 5-7’ instead of ‘figs. 1-5’. 

Read ‘(PI. XIX, fig. 5)’ instead of ‘(PI. XIX, fig. 3) . 

Read ‘(PI. XIX, figs. 3, 4, 8, 9; holotype, figs. 3, 4)’. f 

Read 'Dictyosporites speciosus' instead of ‘Dictyospontes speciosa. 

Under this line add ‘Potonie, R., and Kremp, G., 1956. Die Sporae dispersae 
des Ruhrkarbons, Teil 11. Palaeontogr. 99B: 85-191’. 

After ‘Holotype’ insert ‘from Robe Bore, S.A., at 1400 ft.’. 

Read ‘Fig. 5.’ instead of ‘Fig. 3.’. 

Read ‘Figs. 6, 7.’ instead of ‘Figs. 4, 5.’. 

Read ‘Figs. 3, 4.’ instead of ‘Figs. 6, 7.’. 



Royal Society of Victoria 


1959 


Patron: 


His Excellency General Sir Dallas Brooks, KSB KCMG 
KCVO DSO KStJ 

President: 

Assoc. Prof. G. W. Leeper, MSc 
V ice-Presidents: 

R. T. M. Pescott, MAgrSc, FRES MIBiol 
R. R. Garran, MSc PhD, FRACI 


Hon. Treasurer: 
L. Adams 


Hon. Librarian: 

Assoc. Prof. C. M. Tattam, PhD DSc 


Hon. Secretary: 

E. D. Gill, BA BD, FGS 


Council: 


Above Officers with— 


V. G. Anderson, FRIC 

W. Baragwanath, OBE 
D. A. Casey, MC FSA 

J. H. Chinner, BSc DipFor 
J. K. Davis 

C. M. Focken, BSc BME PhD 


F. L. Stillwell, OBE, DSc, 


D. E. Thomas, DSc 


Prof. Sir Samuel M. Wadham, 


Prof. J. S. Turner, MA PhD 


FAA 


MSc, FAA 


Oxon. MS Colorado 
Prof. E. S. Hills, DSc PhD, 


MA LLD AgrDip 
A. G. Willis, MSc 


FRS FAA 


1.39 















COMMITTEES OF THE COUNCIL 


Publication Committee: 

The President 
The Senior Vice-President 
The Hon. Treasurer 
The Hon. Secretary 
The Hon. Editor 

Library Committee: 

The President 

The Senior Vice-President 

D. A. Casey, MC FSA Chairman 

The Hon. Librarian 

The Hon. Secretary 

House Committee: 

The President 

The Senior Vice-President 

The Hon. Treasurer 

The Hon. Secretary 

Prof. J. S. Turner, MA PhD MSc, FAA 

Development Committee: 

The President 

The Senior Vice-President 

The Hon. Treasurer 

The Hon. Secretary 

D. A. Casey, MC FSA 

G. E. Fethers, BVSc 

R. R. Garran, MSc PhD, FRACI 

Prof. E. S. Hills, DSc PhD, FRS FAA 

Hon. Asst. Secretary: 

J. D. Morrison, PhD DSc 

Hon. Publication Secretary: 

L. Finch, BArch PhD 

Hon. Editor: 

F. L. Stillwell, OBE, DSc, FAA 
Hon. Architect: 

R. Grounds, BArch, FRAIA FRVIA 

Hon. Financial Adviser: 

W. I. Potter, BEc 

Hon. Solicitors: 

Phillips, Fox & Masel 

Hon. Auditors: 

Prof. T. M. Cherry, BA PhD ScD, FRS FAA 
D. A. Casey, MC FSA 

Trustees: 

Prof. Sir Samuel M. Wadham, MA LLD AgrDip 
A. R. L. Wiltshire, CMG DSO MC VD 
Hon. Mr. Justice A. Dean, LLM 
Prof. E. S. Hills, DSc PhD, FRS FAA 


1959 


LIST OF MEMBERS AND ASSOCIATES 

WITH THEIR YEAR OF JOINING 

[Members and Associates are requested to send immediate notice of any change 
of address to the Honorary Secretary] 


Honorary Member 

Menzies, Right Hon. R. G., CH QC, LLM, FAA, Prime Minister’s Lodge. Canberra, 

A.C.T.1958 


Life Members 


Baker, G., DSc, C.S.I.R.O. Mineragraphic Investigations, University, Carlton, N3 .. 1935 

Balfour, L. J., BA MB BS, 62 Hopetoun Rd., Toorak, SE2 .. .. .. .. .. 1892 

Baragwanath, W., OBE, 327 Orrong Rd., E. St. Kilda, S2.1922 

Bonython, C. W., BSc, Romalo House, Romalo Av., Magill, S.A. .. .. .. .. 1945 

Colliver, F. S., Geology Dept., University of Queensland, St. Lucia, Q.1933 

Finch, L., BArch PhD, 27 Hawdon St., Heidelberg, N22 .. .. .. .. .. 1955 

Jutson, J. T., DSc LLB, 9 Ivanhoe Pd., Ivanhoe, N21 .. .. .. .. .. .. 1902 

Lewis, J. M., DDSc, “Little Croft”, Winterly Av., Point Lonsdale.1921 

Osborne, Prof. W. A., MB BCh DSc, “The Hall,” Kangaroo Ground .. .. .. 1910 

Patton, R. T., DSc MF Harv., DIC, 13 Hartley Av., Caulfield, SE8 .. .. 1922 

Prentice, H. J., BSc, P.O. Box 80, Castlemaine .1936 

Reid, J. S., “Green Hedges”, Somers .1920 

Rogers, J. S., MC, BA DSc, FInstP, University, Carlton, N3 .1924 

Stillwell, F. L., OBE, DSc, FAA, 44 Elphin Gr., Hawthorn, E2.1910 

Summers, H. S., DSc, 1 Winson Green Rd., Canterbury, E7 . .. .. .. 1902 

Withers, R. B., MSc DipEd, Food Preservation Research Laboratories, Private Bag, 

Homebush, N.S.W.1926 

Members 

Adam, W., DDSc, Moorakyne Av., Malvern, SE4.1958 

Adams, L., 751 Canterbury Rd., Surrey Hills, E10.1946 

Aitchison, G. D., ME PhD, 17 Boronia St., Vermont.1959 

Alexander, G. N., Bayview Rd., Belgrave .1951 

Anderson, C. G., MMechE, Rosa St., Lower Templestowe.1957 

Anderson, G., MA LLM MCom LittD, 54 Winton Rd., Ashburton, SE11 .. .. .. 1924 

Anderson, Prof. J. S., BSc Lond. PhD Loud. MSc, ARCS DIC FRS FAA, University, 

Carlton, N3 .1955 

Anderson, V. G., FRIC, 360 Collins St., Melbourne, Cl .. .. .. 1943 

Austin, C., “Willaroo”, Casterton.1959 

Bain, A. D. N., DSc, FGS, 69 Windella Av., E. Kew, E5.1950 

Balfour, H. R., 45 Hopetoun Rd., Toorak, SE2 .. .. .. .. .. .. .. 1958 

Barker, H. E. R„ BSc, PhC FPS ARACI, 4 Hillcrest Av., Kew, E4 .1957 

Barrett, A. O., “Adderbury”, 17 Sorrett Av., Malvern, SE4.1908 

Bartram, R. D., MC BA MB BS, 222 Canterbury Rd., Canterbury, E7 .. .. .. 1958 

Bassett, Sir Walter E., MMechE BEE, 133 Kooyong Rd., Armadale, SE3 .. .. 1957 

Bate, O. E., BScEng., 20 St. George’s Av., Mont Albert, E10 .. .. .. 1954 

Beadnell, L. M. M.. MRCS LRCP FRGS, 15 Great Valley Rd., Glen Iris, SE6 . .. 1959 

Beasley, A. W., MSc PhD, DIC FGS, National Museum of Victoria, Russell St., Mel¬ 
bourne, Cl .1950 

Beavis, F. C., BSc, Geology Dept., University, Carlton, N3.1957 

Bentley, G. A., MSc PhD, 4 Coronation St., E. Brighton, S6.1959 

Bermingham, Anne, BSc, 23 Walstab St., E. Brighton, S6.1958 

Black, L., 22 Wilya Av., Leeton, N.S.W.1958 

Blackwood, R. R., MCE BEE, MIE, 8 Huntingfield Rd., Brighton, S5.1957 

Boardman, W., MSc, Zoology Dept., University, Carlton, N3 .1947 

Boutakoff, N., DSc Louvain, Mines Dept., Melbourne, C2 .. .. .. .. .. 1950 


141 



























142 LIST OF MEMBERS 

Braithwaite, H. A., PhC FPS, 8 Kasouka Rd., Camberwell, E6.1958 

Brazenor, C. W., National Museum of Victoria, Russell St., Melbourne, Cl .. .. 1931 

Brown, A. G., BA Cantab, ARCS Eng. LRCP Lond. MIBiol, “Narroghit”, Elliminyt, 

Colac *« •• •• •• •• •• •• • • • • •• *• ivoo 

Brumwell, C. S., 1 Yarra Gr., Hawthorn, E2.1946 

Brunn, T. H., 605 Malvern Rd., Toorak, SE2 .. .. • ; • .-1953 

Brunnschweiler, R. O., PhD Zurich, 52 Renwick St., Glen Iris, SE6 .. •• •• 1959 

Bryant, C., c/o Moule, Hamilton and Derham, 224 Queen St., Melbourne, Cl ... .. 19o8 

Burnett, Prof. Sir Macfarlane, OM, MD PhD ScD DSc, FRACP FRS FA A, Walter 

and Eliza Hall Institute, P.O., Royal Melbourne Hospital .. • - • • 1959 

Bums, A. N., MSc, FRES, National Museum of Victoria, Russell St., Melbourne, Cl . 1957 

Burnside, W. K., 65 Hopetoun Rd., Toorak, SE2 .. • • • • • • •• •• }956 

Butcher, A. D., MSc, Fisheries and Games Dept., 605 Flinders St. Ext., Melbourne, C3 1936 
Butement, W. A. S., CBE, BSc Land., MIEE FInstP 5a Barry St Kew E4 .. .. 1955 

Campbell, Sir Harold A. M., Cliveden Mansions, 192 Wellington Pd., E. Melbourne, C2 1945 

Carr, D. J., MSc PhD, Botany Dept. University, Carlton, N3 .1957 

Casey, D. A., MC, FSA, “Murraba”, Coldstream .. .*932 

Cherry, Prof. T. M„ BA PhD ScD, FRS FA A, University, Carlton, N3 .. .. .. 1930 

Chinner, J. H.. BSc Oxon and Melb., DipFor, Forestry Dept., University, Carlton, N3 . 1950 

Chipman, H. C., LLB, 35 Spencer St., Essendon, W5 .. • • • • • • ■■ • • 1958 

Clark, G. L., MC, BSc MME, Gold Mines of Australia Ltd., P.O. Box 860K, Melbourne, 

Cl.. 

Cookson, L C., DSc, 154 Power St., Hawthorn, E2.1919 

Coulson, A., MSc BEd, 4 Norman Crt, Highton, Geelong .. .. 1929 

Cowan, R. W. T., MA BLitt, Trinity College, University, Carlton, N3.1958 

Cox, L. B., MD BS, MRCP, 421 St. Kilda Rd., Melbourne, SC2.1946 

Crow, R. K., TP SMIRE, 20 Parker St., Ormond, SE9 .. • • 1958 

Cuming, M. A., BSc, DIC FRACI, 163 Kooyong Rd., Toorak, SE2 .1958 

Curphey, A. N.. FSS Eng., 45 Narrak Rd., Balwyn, E8 .1958 

Davey, F. L. H., 29 Chesterfield Av., Malvern, SE4 .. .. •• J958 

Davis, Capt. J. K„ “Dundrennan”, 492 St. Kilda Rd., Melbourne, SC2.1920 

Dawes, L. F., 43 Hopetoun Gr., Ivanhoe, N21 .. •• .}954 

Dean, Hon. Mr. Justice A., LLM, Wilks Av., Malvern, SE4 . .1958 

Dickinson, S. B., MSc, 298 New St., Hampton, S7 • • •• .} y 57 

Dorman. F. H., MA MSc PhD, 1 Outlook Dr., Burwood, E13 .. •• •• •• J958 

Dowling, Admiral Sir Roy, KBE CB DSO, 91 Empire Cir. Deakin Canberra, A.C.T. 1958 

Drummond, F. H„ BSc PhD, Zoology Dept. University Carlton, N3.1933 

Duigan, Suzanne L., MSc PhD, 33 Morrah St., Parkville, N2 .1957 

Dungan R. W., MB BS, 12 Lansell Rd., Toorak, SE2 . • • • • •• •• 

Edgar, Lieut.-General H. G., CBE, H.Q. Southern Command, Albert Park Barracks, ^ 

Edwards, A.^PKD’DSc, 3 DIC, C.S.I.R.O. Mineragraphic Investigations, University, 

Carlton N3 .1930 

Esserman N. A., BSc, AlnstP, National Standards Laboratory, University Grounds, 

’ ^vdnev NSW .. 

Ewers, W. H., BSc’ Fisheries and Game Dept., 605 Flinders St. Ext., Melbourne, C3 .. 1958 

Favaloro, N. J., Deakin Av., Mildura • • • • . 1Q c a 

Fearn-Wannan, H. J., BSc, 2 Merle St., N. Blackburn .. •• •• •• 

Fethers, G. E.. BVSc, 6 Nevis St, Camberwell, E6.1957 

Fitts, C. H.. MD. 14 Parliament PI., Melbourne, C2 .. • • • • • * F4 ' ‘ 

Focken, C. M., BSc BME PhD Oxon, MS Colorado, 20 Carson St., Kew, E4 .. .. 1952 

Forster, Prof.^H. C.. MAgrSc PhD, University Carlton, N3 .1954 

Garran 2 Nicholson St, E. Me,bourne, C2 

Gates, B. G., PhD BSc, ACGI DIC MIEE MIAustE,, 55 Plummer > Mentone S H 1958 
Gill, E. D„ BA BD, FGS, National Museum of Victoria, Russell St., Melbourne, Cl .. 1938 

Gleadell, L. W„ FRCS FRCOG, 14 Barnards Rd., Toorak, SE2.1930 

Gloe, C., BSc, 4 Eurythmic St., Mordialloc, S12 . •• •• •• • 

Gottlieb, L., DipME Hamburg AM IE AIMechE Lond. AMAustMM VDI Germany, ^ 

Gray, K. A Cantab.^hD Vienna, FGS FInstPet, 1 Berenice Ter. Toorak SE2 1946 

Grounds, R., BArch, FRA IA FRVIA, c/o Grounds, Romberg and Boyd, 340 Albert 
St., E. Melbourne, .. 









LIST OF MEMBERS 

Hack, J. B., BSc, 360 Collins St., Melbourne, Cl 

Hanks, W., 7 Lake Gr., N. Coburg, N14 

Harding, N. T., BME, 19 Kalang Av., Camberwell, E6 

Hartley, D. I., 351 Glenferrie Rd., Malvern, SE2 . 

Hartley, Mrs. T. W., 351 Glenferrie Rd., Malvern, SE2 

Hartmann, N., c/o The James Bell Machinery Co. Pty. Ltd., 200 King St., Melbourne, ci 
Hartung, Prof. E. J., DSc PhD, Lavender Farm, Woodend 
Heath, H. J., 2 Turnbull Av., Toorak, SE2 

Hills, Prof. E. S., DSc PhD, FRS FA A, University, Carlton, N3 .. .. 

Hird, F. J. R., MAgrSc PhD Cantab., 27 Lucerne Cr., Alphington, N20 
Hogan, T. W., MAgrSc, 25 Devon St., Box Hill S., Ell 
Jack, R. L., BE DSc, FGS, 54 Clowes St., S. Yarra, SE1 
Jacka, F. J., PhD, 12 Napier Cr., Montmorency S. 

Jeffreys, R. B., BSc, FRACI, 18 Queen’s Rd., S. Melbourne, SC2. 

Joseph, M. E., MA Cantab., 324a Pigdon St., N. Carlton, N4 .. 

Kempson, F. A., SMIRE, 14 Drummond St., Blackburn S. 

Kaufmann, G. A., BA, c/o Containers Ltd., 165 Franklin St., Melbourne, Cl .. !! 

Kimpton, V. Y., 16 Lansell Rd., Toorak, SE2 
Knight, J. L., BSc, Mines Dept., Melbourne, C2 .. 

Lang, P. S., BAgrSc, “Titanga”, Lismore .. 

Langdon, H. C. C., 411 Beach Rd., Beaumaris, S10 

Law, P- G., MSc, Antarctic Division, 187 Collins St., Melbourne, Cl 

Lee, F. M., BCE, MIE Aust., 30 Churchill St., Mont Albert, E10 

Leeper, Assoc. Prof. G. W., MSc, Chemistry Dept., University, Carlton, N3 

Leslie, A. J., BScFor, ADipFor, 37 Third St., Black Rock, S9 . 

Lewis, Essington C. H., c/o Broken Hill Pty. Ltd., 500 Bourke St., Melbourne, Cl 
Ley, J. B. K., BCE, AMICE, 30 Cosham St., Brighton. S5 .. 

Liddy, J. C., BSc, 13 Churchill Gr., Hawthorn, E2 . . . 

Lynch, D. D., MSc, 521 Swan St., Burnley, E2 .. 

McAndrew, L.^PSc PhD, C.S.I.R.O. Mineragraphic Investigations, University, Carlton, 

MacCallum, C. A., BA, 3 Hiilary Gr., Glen Iris, SE6 • . 

MacCallum, Prof. Sir Peter, MC, MA MSc MB ChB DPH, 91 Princess St., Kew, E4 
Martin, Prof. Sir Leslie H., CBE, PhD Cantab., FRS FAA FInstP, University, 
Carlton, N3 . 

Martin, M. J., 5 Cooba St., Canterbury, E7 . 

Matthaei, E., Microscopy Laboratory, University, Carlton, N3 . 

McCausland, M. E. R., 10 Glyndebourne Av., Toorak, SE2. 

McLister, H. D. R., 2 Lucan St., Caulfield, SE8 

McNally, J., BSc, 3 Arcadia St., Box Hill, Ell. '. 

Mackay, R. R-, FInstREAust. FAIM, Royal Melbourne Technical College, Latrobe St., 
Melbourne, Cl .. 

Macpherson, ^Miss J. Hope, MSc, National Museum of Victoria, Russell St., Melbourne, 

Massola, A., FRAS, National Museum of Victoria, Russell St., Melbourne, Cl !! 

Miller, L. F., “Moonga”, Power Av., Malvern, SE4 

Millikan, C. R., DSc, Plant Research Laboratory, Swan St., Burnley, El. 

Milne, Angela A., BSc PhD, 570a Inkerman Rd., N. Caulfield, SE7 
Mitchell, L. J. C., MD, 23 Grange Rd., Toorak, SE2 

Montgomery, J. N., c/o Australasian Petroleum Co., 37 Queen St., Melbourne Cl 

Moore, K. B., 11 Mona PI., S. Yarra, SE1 .’ ’’ 

Morgan, D. G., BSc DipEd, Secondary Teachers’ College, University, Cariton, N3 
Morrison, J. D., PhD DSc, C.S.I.R.O., Division of Chemical Physics, Box 4331, G.P.O. 

Melbourne, Cl. 

Mulvaney, D. J., MA, History Dept., University, Carlton, N3 
Neboiss, A., MSc, National Museum of Victoria, Russell St., Melbourne, Cl 
Nicholas, G. R., 48 Lansell Rd., Toorak, SE2 .. .. 

Nielsen, Miss B. J., MSc, 45 Summerhill Rd., Glen Iris, SE6 . 

Olsen, C. O., BA DipEd, Federation Military College, Port Dickson, Malaya 

Orr, R. G., MA BCh, 9 Heyington PL, Toorak, SE2. 

Osborne, A. G. A., BAgrSc, “Lowestoft”, Warrandyte . 

Osborne, N. A., 53 Flemington Rd., N. Melbourne, N1. 

Parker, C. D., BSc DipBact Lond., FRACS, 47 Outlook Dr., Eaglemont, N22 


143 

1957 

1930 
1951 
1956 
1956 

1956 
1923 
1951 
1928 
1951 
1947 

1931 

1958 
1958 
1958 
1958 
1958 
1946 

1944 
1938 
1954 
1946 
1958 
1931 
1958 

1945 

1958 

1959 
1950 

1953 

1957 
1925 

1959 

1957 
1959 

1953 
1959 
1950 

1958 

1940 

1956 
1920 

1941 

1957 

1954 
1945 
1945 

1959 

1958 
1957 
1957 

1934 
1954 
1945 

1935 
1957 
1930 
1957 





















144 


LIST OF MEMBERS 


G.P.O 


Parry, R. H. G., BCE MESc PhD, C.S.I.R.O., Soil Mechanics Section, Coleman Pd., 
Syndal •• •• .. •• •• •• • • •• 

Pescott, R. T. M., MAgrSc, FRES MIBiol, Botanic Gardens, S. Yarra, SE1 
Peterson, G. T., PhC FPS, “Carinya”, E. Boundary Rd., E. Bentleigh, SE15 

Potter, W. I., BEc, 30 Sargood St., Toorak, SE2 . 

Preston, H. E., 47 Haig St., Box Hill S., Ell .. .. • • • • • • 

Radford, W. C., MBE, MA MEd PhD, 236 Belmore Rd., Balwyn, E8 .. 

Rayner, J. M., BSc, FInstP, 5 Tennyson Cr., Forrest, Canberra, A.C.T. 

Rees, A. L. G., DSc PhD, C.S.I.R.O., Division of Chemical Physics, Box 4331, 

Melbourne, Cl. 

Reid, J. T., “Sherwood”, 7 Tregarron Av., Kew, E4. 

Resch, C.' E., BSc PhD, 16 Bouverie St., Carlton, N3 .. .. 

Richardson, Mrs. J. R.. MA PhD, Zoology Dept., University N3 .. . • 

Rivett, Sir David, KCMG, MA DSc, 474 St. Kilda Rd., Melbourne SC2 .. 

Ross, Sir Ian Clunies, CMG, DVSc DSc LLD, ARCVS FAA, 38 Studley Av., Kew, E 
Sanderson, R. F., CBE, Cliveden Mansions, Wellington Pd., Melbourne, C2 .. 

Sauve, N. B., c/o Standard Vacuum Oil Co., P.O. Box 436, Manila, Philippines . 

Sayce, E. L., BSc, FInstP, Defence Standards Lab., Bag No. 4, P.O., Ascot Vale, W 
Scherger, Air Marshal Sir Frederick R. W., KBE CB DSO AFC, 57 National Ci 

Forest, Canberra, A.C.T. 

Scott, A. R., BE, AMIE, 10 Verdant Av., Toorak SE2 .. •• •• 

Selby, B. A., BSc (Hons.), ARACI, 19 Chesterfield Av., Malvern, SE4 .. 

Simpson, H. P., 8 Knutsford St., Balwyn, E8 .. .. • • • • •• •• 

Sinclair, A. Q., c/o Commonwealth Fertilisers and Chemicals Ltd., 65 William S 

Melbourne, Cl. . 

Smith, L. H., MSc DPhil Oxon., FRACI, 36 Duke St., Kew, E4 .. .. • • 

Somerset, H. B.. MSc, MAIMM, c/o A.P.P.M. Ltd., 360 Collins St., Melbourne, Cl 

Spicer, P. O., 13 Riverside Av., N. Balwyn, .. 

Stach, L. W., MSc, 78 Herbert St., Albert Park, SC6. 

Styles, D. F., BSc, AMIE Aust., 14 John St., Blackburn . 

Sullivan, W., 37 Strathallan Rd., MacLeod . • • • • • • 

Tattam, Assoc. Prof. C. M., PhD DSc, Geology Dept., University, Carlton, N3 .. 
den Tex Prof. E., PhD Leyden, State University, Leyden, Netherlands 

Ternouth, S. T., BSc DipEd, 50 Hatfield St., N. Balwyn, E9. 

Thomas, D. E., DSc, Mines Dept., Melbourne, C2 .. •• 

Thomas, F. J. D., BSc (Hons.), ARCS, I.C.I.A.N.Z. Biological Research Statio 

Thompson, G^Exf^MIE Aust. HonMIBF Loiid., Royal Melbourne Technical Colleg 
Latrobe St., Melbourne, Cl .. 

Thompson, G. T.. 43 Weybridge St., Surrey Hills, E10 .. .. •• 

Thomson, D., DSc PhD DipAnthroj?, Anthropology Dept., University, Carlton, N3 

Thomson, J. A., MSc, Zoology Dept., University, Carlton N3. 

Thorn, W., MEE MIE Aust., 132 Canterbury Rd., Canterbury, E7. 

Timcke, E. W., 15 Faircroft Av., Glen Iris, SE6 . 

Tindale, B., FRMS, Yarra Junction . • • • • • • 

Townsend, Prof. S. L., MD BS, FRCS Edin., Obstetrics and Gynaecology Dept., U 

versity, Carlton, N3. • • • • • 

Turner, Prof. J. S., MA PhD MSc, FAA, University, Carlton, N3 .. ^ 

Wadham, Prof. Sir Samuel M., MA LLD AgrDip, 220 Park St. W., W. Brunswick, N12 
Weickhardt, L. W., MSc, FRACI, 125 Canterbury Rd., Canterbury, E7 .. 

Wettenhall, Dr. R. R., “Aberfeldie”, 557 Toorak Rd., Toorak, SE2 .. .. 

White, Dr. A. E. R., CMG, MD, FRACP, 14 Parliament PI., Melbourne C2 . 

White, Prof. M. J. D., DSc Lond., FAA, Zoology Dept., University, Carlton, N3 
White’, R. K., FIPAA, 360 Collins St., Melbourne, Cl 

Whiting, R. G., BME, 7 Barkly Ter., Mitcham. 

Wickens, T. W., 27 Narrak Rd., Balwyn, E8 .. .. •• 

Wilcock, A. A., BSc BEd, Geology Dept., University, Carlton, M3 
Willis, A. G., MSc, Zoology Dept., University, Carlton, N3 • 

Wills. H. A., BE, FRACS MIAAE, 15 Maslon St., Hawthorn, E2 . .. 

Wiltshire, A. R. L„ CMG DSO MC VD, 35 Evans Ct., Toorak, SE2 .. 

Wishart, R. M., MB ChB N.Z., FRACS, Flat 12, 7 College Pd., Kew, E4 .. 

Woodburn, J. L. F., BA, 30 Washington St., Toorak, SE2 .. •• •• .. cc 

Worcester, R. G., MD DGO, FRCS FRACS FRCOG, 106 North Rd., Brighton, S5 


1959 

1944 

1958 

1957 
1949 

1958 
1957 

1956 

1954 

1957 

1958 
1911 
1958 

1955 
1955 
1924 

1958 

1958 

1958 
1948 

1959 
1958 

1957 
1946 
1932 

1958 
1943 
1945 

1952 

1957 
1929 

1955 

1959 

1953 

1958 
1958 

1958 

1950 

1951 

1951 

1938 

1932 

1959 
1938 
1938 
1958 

1958 

1959 

1957 
1934 
1949 

1958 
1955 
1958 
1958 
1958 











145 


LIST OF MEMBERS 


cia, Q 


Country Members 

Adams, H. G., “Danedite”, Weerite. 

Baldwin, J. G., BSc BAgrSc, 33 Walnut Av., Mildura 
Bishop, J. J., BA, High School, Queenscliff .. 

Burn, R., 34 Autumn St., Geelong W. 

Casey, Mrs. D. A., “Murraba”, Coldstream .. .. _ , 

Condon M A., MSc, Bureau of Mineral Resources, Melbourne Building, Canberra 

A.C.T. 

Conley, W. R., High School, Heathcote. 

Corney, Mrs. A. D., BSc, 17 Ratho St., New Town, Tas. 

Dawes, L. F., BSc, 43 Hopetoun Gr., Ivanhoe, N21 .. 

Dickins, J. MacG., BSc, Bureau of Mineral Resources, Geology and Geophysics, Can¬ 
berra, A.C.T. 

Forrest, T. M., Metropolitan Farm, P.O., Werribee .. •• •• •• • 

Glaessner, M. F., PhD DSc, FAA, Geology Dept., University of Adelaide S.A. 

Hill Dorothy, DSc PhD, FAA, Geology Dept., University of Queensland, St. Lu 

Hope G. B., BME, “Carrical”, Hermitage Rd., Newtown, Geelong. 

Howe, Mrs. A. W., BSc, 18 Devoncourt St., South End, Mt. Isa, 

Tenkin, j. J., Mines Dept., Melbourne, C2 . .. .. • • 

Kershaw, R. C., BSc, “Manorama”, c/o Lyetta P.O., W. Tamar, T 
Lindholm, J. D. E., 28 Goomalibee St., Benalla 
McWhae, Mrs. R., 262 St. George’s Ter., Perth, W.A 
Mack G., BSc, Queensland Museum, Brisbane, Q. 

Massey, C. H., 11 Church St., Ashfield, N.S.W. 

Merigan, Miss Janice E., BSc, 2 Minawa St., Cooma N 

Murphy, H. D., Mornington . .. 

Netherway, G. C., 606 Dana St., Ballarat 
Payne T. E. N., “Woodburn”, Kilmore 
Schleiger, N. W., BSc BEd, 6 Tehan St., Seymour 
Searle S. S., Metropolitan Farm, P.O., Werribee 
Thomas, G. A., BSc, 9 Duffy St., Ainslie, A.C.T. 

Trebilcock, Lieut.-Colonel R. E., MC, Wellington St., Kerang 
Yates, H., MSc, School of Mines, Ballarat . 


., N.S.W. 


Q. 


1945 

1949 

1950 
1956 

1953 

1937 

1956 

1945 

1954 

1952 

1954 

1939 

1939 

1918 

1948 

1945 

1956 
1952 

1948 

1943 

1957 

1957 
1950 

1958 
1945 

1949 
1954 

1944 
1921 
1943 


Melbourne, 


Associates 

Aitken Miss Y., MAgrSc, Agriculture Dept., University, Carlton, N3 
Autry W. C., BSc, 1002 J12 Lancaster, California, U.S.A. .. 

Ashton D. H., Botany School, Downing St., Cambridge, England 
Bage, Miss F., OBE, MSc, Grove Cr., Toowong, Brisbane, SW1, Q 

Baker, A. A., 53 Carlisle St., Preston, N18 . 

Bartlett, A. H., Kent Av., Croydon . 

Bell G., BSc, 13 Kent Rd., Surrey Hills, E10. 

Bock P- E., BSc, 60 Blyth St., Brunswick, N10 

Bollen, P- W., BSc, 60 Mann Ter., N. Adelaide, S.A . 

Broadhurst, E., MSc, 457 St. Kilda Rd., Melbourne, SC2 
Butler, L. S. G., 3 Los Angeles Ct., St. Kilda, S2 
Buttery, S. H., 146 Highfield Rd., Camberwell, E6 .. 

Canavan F., BSc, c/o Broken Hill Pty. Ltd., 422 Little Collins St 
Carlos, G. C., 262 Tucker Rd., E. Ormond, SE14 
Carr Mrs. D. J., MSc, Botany Dept., University, Carlton, N3 
Carter, A. N., MSc, 70 Madeline St., Burwood, E13 .. 

Clarke, W- G., BSc DipEd, 67 Willis St., Hampton, S7. 

Clifford, H. T., MSc PhD, Botany Dept., University of Queensland, St. Lucia, Q. 
Coats, R. P-, BSc, South Australian Dept, of Mines, 169 Rundle St., Adelaide, S 

Cobbett, A. M., Oxford Close, Moorabbin, S20. 

Cochrane, G. W., MSc, 8 Crown Av., Mordialloc, S12 .. 

Collins A. C., 9 Olympic Av., Newtown, Geelong. 

Court A. B., BSc, National Herbarium, Botanic Gardens, S. Yarra, SE1 .. 
Crespin, Miss I.. BA, FRMS, Bureau of Mineral Resources, Turner, Canberra, 

Crohn, P. W., MSc, 29 Kensington Rd., S. Yarra, SE1 . 

Currey D. T., 100 Burke Rd., Deepdene, E8 .. 

Davies’ Mrs. E. M., 392 Balcombe Rd., Beaumaris, S10 . 

Dempster, Miss P. B., BSc, c/o 751 Canterbury Rd., Surrey Hills, E10 .. 


A.C.T 


1936 

1957 

1949 

1906 

1946 
1952 

1955 
1957 
1957 
1930 
1929 
1952 

1936 
1951 

1937 

1947 
1957 
1949 
1951 
1951 

1945 
1928 
1949 
1919 

1946 

1948 

1956 

1957 




































146 


LIST OF MEMBERS 


Dettmann, Miss M. E., MSc, Botany Dept., University, Carlton, N3 

Douglas, J. G., BSc, 35 Valley Pd., Glen Iris, SE6. 

Down, Mrs. M. R., BAgrSc, 35 Durham St., Heidelberg, N22 
Dunn, R. A., AAA AAIS, 60 Mimosa Rd., Carnegie, SE9 
Edwards, G. R., BSc, 115 Grey St., Traralgon .. 

Elford, F. G., BSc BEd, 76 New St., Brighton, S5. 

English, J. R., 302 Lower Heidelberg Rd., E. Ivanhoe, N21. 

Esplan, W. A., BSc, 37 Barnes Av., Burwood, E13. 

Finlay, Miss C. F., BSc, Geology Dept., University, Carlton, N3 .. 

Fisher, Eileen E., PhD, 1 Balwyn Rd., Canterbury, E7 . 

Frostick, A. C., 9 Pentland St., N. Williamstown, W16 . 

Gaskin, A. J., MSc, 1110 Whitehorse Rd., Box Hill, Ell . 

Gladwell, R. A., 23 Turnbull Av., Toorak, SE2 . 

Goudie, A. G., BAgrSc, Murchison Rd., Tatura . 

Gunson, Miss Mary, MSc, Zoology Dept., University, Carlton, N3 
Haycraft, J. A., c/o Western Mining Corp. Ltd., 55 MacDonald St., Kalgoorli 

Head, W. C. E., 56 Lynch'St., Yarrawonga. 

Hewett, D. C., BSc DipEd, 77 Agg St., Newport, W15 . 

Holdaway, E. A., BSc, 11 Leopold Cr., Mont Albert, E10. 

Holland, R. A., 536 Toorak Rd., Toorak, SE2 

Holmes, A. J., 92 Latrobe St., Warragul. 

Honman, C. S„ BME, 3 Fairy St., Ivanhoe, N21 

Hounslow, A. W., C.S.I.R.O. Mineragraphic Investigations, University, Carlton 

Jack, A. K„ MSc, 49 Aroona Rd., Caulfield, SE7. 

Johns, M. W., BSc, 355 Upper Heidelberg Rd., Ivanhoe, N21 

Jones, D. S., BSc, 31 Winmalee Rd., Balwyn, E8 . 

Jones, K. A., BCom, 28 Scott St., Beaumaris, S10. 

Jones, L. H. P., BAgrSc PhD, Agriculture Dept., University, Carlton, N3 . 

Kenley, P. R., BSc. 88 Willis St., Hampton, S7. 

Kenny, J. P. L., BCE, 38 College St., Elstemwick, S4. 

Lawrence, C. R., BSc, 3 Wright St., Bentleigh, SE14. 

Learmonth, A. P., BSc, 12 Cornwall Rd., Sunshine, W20 

Learmonth, J. C., 42 Ellerslie PI., Toorak, SE2. 

Lindner, A. W., BSc, c/o American Overseas Petroleum Ltd., P.O. Box 693, 

Libya . 

Lord, E. E., 23 Athelston Rd., Camberwell, E6. 

McLennan, Assoc. Prof. Ethel, DSc, Botany Dept., University, Carlton, N3 

Marsden, M. A. H., 17 Oak St., Beaumaris, S10 . 

Matthaei, Mrs. G., 146 Gatehouse St., Parkville, N2. 

Mitchell, A. W. L., BSc, “Willowmede Farm", Taggerty. 

Mitchell, S. R., 22 Grosvenor St., Abbotsford, N9. 

Moore, B. R., BSc, Peter St., Eltham . 

Morris, P. F., National Herbarium, South Yarra, SE1. 

Mushin, Mrs. Rose, MSc PhD, Bacteriology Dept., University, Carlton, N3 

Neales, T. F., PhD, Botany Dept., University, Carlton, N3. 

Neilson, J. L., 1 Fordham Av., Camberwell, E6. 

Nicholas, T., Bureau of Mineral Resources, Canberra, A.C.T. 

Nye, E. E., BSc, College of Pharmacy, 360 Swanston St., Melbourne, Cl .. 

Oke, G, Mount Royal, Royal Park, N2. 

Philip, G. M., BSc, Geology Dept., University, Carlton, N3. 

Philip, Mrs. G. M., BSc, Geology Dept., University, Carlton, N3 .. 

Pinches, Mrs. M., 140 Churchill Highway, Braybrook, W19. 

Pretty, R. B., MSc, Private Bag, Cobargo, N.S.W. 

Purnell, Miss H. M., MSc, Botany Dept., University, Carlton, N3 .. 

Rawlins, R. J., BSc, Elphinstone. 

Reed, K. J., 5 Premier Av., Mitcham. 

Rigby, J. F., 5 Banool St., Keiraville, N.S.W. 

Rimington, K. N., BSc, 15 Yuille St., Brighton, S5 .. 

Rowney, G., BSc, 4 Riddle St., Bentleigh, SE14. 

Seeger, R. C., 56 Jenkins St., Northcote, N16 .. 

Shaw, H., 30 Hoddle St., Elsternwick, S4 .. .. •••••• 

Sherrard, Mrs. H. M., MSc, 43 Robertson Rd., Centennial Park, N.S.W. . 
Simpson, B., 3 Knutsford St., Balwyn, E8 .. .... • • 

Singleton, O. P., MSc PhD, Geology Dept., University, Carlton, N3 


W.A. 


N3 


Tripoli, 


1957 

1957 

1942 

1946 

1937 
1929 

1956 
1951 

1950 
1949 

1933 
1941 

1938 

1941 

1944 

1951 
1931 
1959 

1957 

1931 
1949 

1934 

1958 
1913 
1958 

1952 

1956 
1948 

1948 

1942 

1958 
1955 

1959 

1949 

1950 
1915 
1952 
1959 
1946 

1945 

1957 

1921 
1940 

1957 

1952 

1958 

1932 

1922 

1955 
1957 

1943 
1922 
1957 

1957 

1958 

1953 
1948 
1952 

1946 

1956 
1918 

1959 
1943 


































LIST OF MEMBERS 147 

Talent, J. A., MSc, Geology Dept., University, Carlton, N3.1955 

Tylee, A. N., Jindivick N. 1951 

Vasey, G. H., BCE, University, Carlton, N3 .1936 

Watts, H. A., 15 Tower Hill Rd., Glen Iris, SE6 .1954 

White, D. A., BSc IV.A., Bureau of Mineral Resources, Geology and Geophysics, Can¬ 
berra, A.C.T.1951 

White, O. L., BSc, Geology Dept., University, Carlton, N3.1955 

Whitehead, Mrs. R., c/'o Ore Depot, B.H.P. Co. Ltd., Newcastle, N.S.W. .. .. 1942 

Wvmond, A. P., MSc, Division of Forest Products, C.S.I.R.O., P.O. Box 18, S. Mel¬ 
bourne, SC4 .1951 





Royal Society of Victoria 


ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1958 

The President and Council present to members of the Society the Annual Report 
and Financial Statement for the year 1958. 

The following meetings of the Society were held: 

March 13.—Annual Meeting. The following office-bearers were elected: Presi¬ 
dent, Mr. V. G. Anderson; Vice-Presidents, Associate-Professor G. W. Leeper, 
Mr. R. T. M. Pescott; Honorary Treasurer, Mr. L. Adams; Honorary Librarian, 
Associate-Professor C. M. Tattam; Honorary Secretary, Mr. Edmund D. Gill; 
Members of Council, Mr. W. Baragwanath, Mr. D. A. Casey, Capt. J. K. Davis, 
Dr. R. R. Garran, Professor J. S. Turner, Professor Sir Samuel Wadharn. 

During the year Professor E. S. Hills was elected to fill the vacancy on Council 
occasioned by the death of Mr. P. Crosbie Morrison. 

The Annual Report and Financial Statement for 1957 were received and 
adopted. At the close of the Annual Meeting an Ordinary Meeting was held. Lecture: 
“Benefits and Problems of the Nuclear Age” by Professor E. W. Titterton. 

April 10.—Lecture: “The Bindibu” by Dr. Donald Thomson. 

May 8.—Lecture: “Regenerating Mountain Ash Forests” by Mr. T. M. Cun¬ 
ningham. 

June 12.—Colloquium: “Recent Researches in Australian Antarctic Territory” 
by Dr. F. Jacka, Mr. K. B. Mather and Mr. M. J. Goodspeed. 

July 10.—In the presence of our Patron, His Excellency General Sir Dallas 
Brooks, and Lady Brooks, a lecture by Professor E. S. Hills, “The Future of Arid 
Lands in Australia and Overseas”. Papers read by title only. “The Submarine 
Topography of Bass Strait” by Mr. J. N. Jennings. “The Murray Black Collection 
of Aboriginal Skeletons” by Professor S. Sunderland and Dr. L. J. Ray. “Revision 
of the Genus Cyclochila” by Mr. A. N. Burns. “Microfloras in bore cores from 
Alberton West, Victoria” by Dr. Isabel C. Cookson and Miss Mary E. Dettmann. 
“Fossil Pollen Grains of Nothofagus from Victoria, Australia” by Dr. Isabel C. 
Cookson. Also paper presented August 14. 

August 14—Paper: “Oxygen Isotope Palaeotemperature Measurements on 
Australian Fossils” by Dr. F. H. Dorman and Mr. E. D. Gill. Lecturette: “Recent 
Developments in the Uses of Isotopes” by Dr. J. F. Duncan. 

September 11.—Lecture: “The Search for Underground Water in Victoria” 
by Dr. D. E. Thomas. 

October 9—Lecture: “The New Approach to Agricultural Research” by Pro¬ 
fessor H. C. Forster. 

November 13—99th Anniversary Soiree. 

December 11.—Papers: “Upper Mesozoic Microfloras in well cores from 
Woodside and Hedley, Victoria” by Miss Mary E. Dettmann. “The Relationships 
of the Latrobe Seam at Yallourn” by Mr. F. C. Beavis. “A new Fossil Penguin 
from Australia” by Dr. G. G. Simpson. “Provenance of Fossil Penguin from 
Western Victoria, Australia” by Mr. E. D. Gill. “Soil erosion in relation to the 
development of land forms in the Dundas area of Western Victoria, Australia” by 
Miss Margaret E. Marker. 
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Two new Trustees have been appointed—The Honourable Mr. Justice Arthur 
Dean and Professor E. S. Hills. 

During the year one Honorary Member, 53 Members, 1 Country Member, and 6 
Associates were elected. Two Members resigned. At the end of December 1958 the 
total membership of the Society after revision was 312, which is the highest ever 
attained. 

The Council deeply regrets the loss by death of three Members and three 
Associates: 

MEMBERS 

Sir Clive McPherson, kt., created 1941, c.b.e. 1925, died November 10, 
1958. Sir Clive possessed an extensive knowledge of Australian primary industries, 
particularly agriculture and pastoral production. He was born at St. Arnaud in 
1884, and after leaving Caulfield Grammar School, spent a number of years gaining 
experience on various properties in the Riverina. The firm of McPherson, Thom 
& Co. was subsequently formed by him, and he acquired pastoral interests on his 
own account. By reason of his extraordinary knowledge of primary production he 
became adviser to the Commonwealth Government on the organization of primary 
industries, a member of the 1930 Royal Commission investigating the complaints of 
British Migrant Settlers, Australian Government representative on the British 
Phosphate Commission 1927-46, Chairman Australian Wheat Control Board 1939- 
45, member Commonwealth Bank Board 1940-44, and Chairman Victorian Closer 
Settlement Commission 1933-38. At the time of his death he was Chairman of 
Directors of Younghusband Ltd., Member of the Board of the National Bank of 
Australasia Ltd., Trustee of the Board of Management of the Royal Melbourne 
Hospital. Sir Clive joined the Society in 1946. 

Philip Crosbie Morrison, m.sc., was a graduate in Zoology of the University 
of Melbourne, and a pioneer in Australia of the specialty of scientific journalist. By 
the journals he edited, the articles he wrote, and the broadcasts and lectures he 
gave, he increased the interest of Australasians in the science of natural history, 
and impressed many with the need to conserve some of the more important natural 
parklands with their native floras and faunas. In 1945 he became a Trustee of the 
National Museum of Victoria, and in the same year was elected Deputy Chairman; 
in 1955 he became Chairman. He became the first Director of the National Parks 
Authority in 1957. Morrison was a Member of this Society for 20 years, a Councillor 
for 16 years, and was President in 1949 and 1950. He gave distinguished service on 
some of the more important Committees of the Society. His death came suddenly on 
March 1, 1958. 

Edward Rowden White, v.d., m.d., b.sc., f.r.a.c.s., f.r.c.o.g., died on August 
3, 1958, after an eventful life of 74 years. Educated at the Geelong Grammar School 
and the University of Melbourne, Dr. White graduated Bachelor of Medicine with 
final honours in 1907, and became a resident at the Melbourne Hospital before pro¬ 
ceeding to the Children’s Hospital, where he became medical superintendent. Then 
followed a term as resident at the Women’s Hospital with which he was associated 
for almost 40 years. He served with distinction in two World Wars. Many have 
expressed admiration of his calm and courage during the siege of Singapore, and 
subsequent experience as a prisoner of war. He and his brother endowed a Founda¬ 
tion for Medical Research at the Royal Women’s Hospital, and he did outstanding 
service as the first chairman of the Arthur Wilson Foundation. As a surgeon he 
was thoughtful and considerate to his patients, and his work was performed with 
meticulous care and attention to detail. 
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Herbert Frederick Clinton was an authority on the body lice of birds and 
mammals, particularly Anoplura and Mallophaga. Meticulous care characterized 
his mountings of parasites and records of classification. He was an accomplished 
microscopist. Mr. Clinton served with the Department of Agriculture for 48 years 
from 1899, and was an expert in poultry. While in the office of Poultry Expert he 
improved methods of breeding, feeding, and farm management. He was a member 
of many scientific societies, and died on September 3, 1958. He was elected an 
Associate in 1920. . 

Alfred Douglas Hardy was born in Mansfield, Victoria, in 1870, and was a 
member of this Society from 1913 until his death on July 6, 1958. Until his retire¬ 
ment in 1935 he was employed by the Forest Commission of Victoria as Botanical 
Officer, and finally as Chief Draughtsman. He was also Consulting Algologist to 
the Melbourne and Metropolitan Board of Works. His knowledge of freshwater 
algae was very wide, particularly of their biological effect on Victorian water 
storage reservoirs. At the time of his death he was President of the Australian 
Forest League, whose journal he also edited, and a Trustee of the Yarra Bend 
National Park. He was Fellow of the Linnean Society of London, and a past Presi¬ 
dent of both the Victorian Microscopical Society and the Field Naturalists Club of 
Victoria. He was a delightful companion, and ever ready to share his unique 
knowledge of the algae. 

Howard Bolitho Hauser, m.sc., was born at Ballarat in 1899, and was 
educated at the University High School and University of Melbourne. After a brief 
appointment in the University of Western Australia, he became Demonstrator in 
the Department of Geology, University of Melbourne in 1921. Essentially a man of 
action, he interested himself in the excursions, field mapping classes and practical 
work of the students during the 37 years he spent in the Department. His wide 
knowledge of the use of stone in buildings and road-making led to his lecturing in 
engineering geology and geology for architects for several years. He discovered 
Upper Devonian fossil fishes in the South Blue Range, Mansfield. Mr. Hauser was 
an Associate of this Society from 1919, and for many years up to the time of his 
sudden death on September 4, 1958, was Assistant Secretary. 

Attendances at Council meetings were as follow: Mr. Adams, 7; Mr. Ander¬ 
son, 10; Mr. Baragwanath, 9; Mr. Casey, 7; Mr. Chinner, 6; Capt. Davis, 7; Dr. 
Focken, 6; Dr. Garran, 8; Mr. Gill, 10; Professor Hills, 2; Associate Professor 
Leeper, 10; Mr. Morrison, 3; Mr. Pescott, 1; Dr. Stillwell, 10; Associate Professor 
Tattam, 9; Dr. Thomas, 8; Professor Turner, 3; Professor Sir Samuel Wadham, 0; 
Mr. Willis, 8. Professor Turner and Professor Sir Samuel Wadham were granted 
leave of absence while overseas. 

During the year 2,306 volumes and parts were added to the Library. 

To assist the Honorary Secretary, Dr. F. L. Stillwell performed the duties of 
Honorary Editor, Dr. J. D. Morrison those of Assistant Secretary, Dr. L. Finch 
those of Publications Secretary, and Mr. A. G. Willis those of Assistant Secretary 
for the Centenary Symposium. 


Edmund D. Gill, Hon. Secretary 
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As will be seen from the summary, the year finished with a credit balance of 
£1,148/6/11 compared with £1,263/0/8 for 1957. 

With regard to expenditure there have been a number of increases, and it 
should be particularly noted that over £1,000 has been spent on repairs and main¬ 
tenance to the building. 

It will be seen that there has been an increase in subscriptions, in the sale of 
publications, and interest, which all indicate steady progress in the financial position 
of the Society. 

The Society’s cash assets (Hall Fund, Life Membership Fund, Howitt 
Memorial Fund, T. S. Hall Memorial Fund, Book-binding Fund) were re-invested 
on advice from the Honorary Financial Advisor and this contributed to the increase 
in the Society’s income. 

The Society again expresses its appreciation to the State Government in main¬ 
taining its grant of £500, and also would like to place on record its thanks to the 
various institutions and persons who have given financial assistance to the Society 
during the year. 

L. Adams, Hon. Treasurer 


SUMMARY FOR YEAR ENDING DECEMBER 31, 1958 


Total Receipts.£5,555 9 2 

Balance from 1957 . 1,263 0 8 

£6,818 9 10 

Expenditure. 5,670 2 11 

Balance at Bank, 31/12/58.£1,148 6 11 


INVESTMENTS HELD AS AT DECEMBER 31, 1958 


Australian Guarantee Corporation Limited— 

7% Debenture Stock. £850 0 0 

Australian Aluminium Company Limited— 

7 % Debenture Stock. 800 0 0 
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MICROPLANKTON FROM AUSTRALIAN LOWER CRETACEOUS 

SEDIMENTS 

By A. Eisenack* and Isabel C. CooKSONf 
* University of Tubingen; f University of Melbourne 
[Read 9 July 1959] 

Abstract 

Three new genera and seventeen new species of microplankton are described from Australian 
Cretaceous (chiefly Lower Cretaceous) sediments. 

Introduction 

In a previous paper (Cookson and Eisenack 1960), we have described prin¬ 
cipally Upper Cretaceous species of Australian microplankton. This article is re¬ 
stricted almost entirely to Lower Cretaceous forms. Some of the new types described 
are from sediments previously examined (Cookson and Eisenack 1958) for their 
microplankton content, while others are from sediments obtained from new locations. 
New records of previously described types are also included. 

Location and Age of Sediments 

Western Australia 
Carnarvon Basin — 

Windalia Radiolarite, Wapet’s Rough Range No. 4 Bore at 3.532-50 ft. 

Age: Aptian and Lower Albian (McWhae et al. 1958, p. 112). 

Lower Gearle Siltstone. Wapet’s Rough Range No. 7 Bore at 2,360-75 ft., 
No. 1 Bore at 2,750 ft. Age: Albian (McWhae et al. 1958. p. 112). 
Perth Basin — 

Gingin Area, Moora Bore at 86-170 ft. Age: Albian (Cookson and Eisenack 
1958, p. 66). 

Regan’s Ford on Moore R., Wapet’s Seismic shot-hole L8 at 240 ft. Age: 

Albian (Cookson and Eisenack 1958, p. 66). 

Perth Metropolitan Area, South Perth Formation, Attadale Artesian Bore 
at 809 ft. Age: Aptian (Cookson and Eisenack 1958, p. 69). 

South Australia 

South Australian-Northern Territory Oil Search Ltd. (‘Santos’) Oodnadatta 
Bore at 327 ft. Age: Albian (authors). Also at 1,052-61 ft. Age: Lower 
Cretaceous — Aptian or older (authors). 

Lake Phillipson Bore about 12 m. E. of eastern margin of the lake at 87 ft. 10 in. 
Age: Lower Cretaceous — Aptian or older (authors). 

North Queensland 

Longreach Drill Co.’s Balmoral Well, No. 1 on ‘Padua’ property at 1,000 ft. 
Age: Aptian (authors). 

Roma Formation. Well on Batavia Downs Station, Cape York Peninsula at 
45-9 ft. Age: Aptian. 

Frome-Broken Hill Co. Pty. Ltd., Wyaaba No. 1 Bore, Galbraith at 2,229-30 ft. 
Age: Probably Aptian (authors). Also at 2,636-7 ft. Age: Lower Creta¬ 
ceous—Aptian or older (authors). 
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2 A. EISENACK AND ISABEL C. COOKSON: 

Description of Types 

The registered numbers given for the types are those in the palaeobotanical 
collection of the National Museum of Victoria. 

DinoflagellateS 
Family Delfandreidae 
Genus Deflandrea Eisenack 1938 
Deflandrea rotundata sp. nov. 

(PI. I, figs. 1, 2; holotype fig. 1, P17858) 

Age and Occurrence: Albian: Santos’s Oodnadatta Bore, S.A., at 327 ft. 

Description : Shell somewhat flat, broadly oval in outline, divided unequally 
by a broad and deep circular girdle; epitheca slightly larger than the hypotheca 
with a broadly rounded apex; hypotheca with one or occasionally two slight ant- 
apical prolongations and a broad longitudinal furrow. Capsule almost circular in 
outline, not filling the shell laterally. Shell-membrane thin, smooth and trans¬ 
parent ; wall of capsule slightly granular. A pylome has not been observed. 

Dimensions: Type—80 /a long, 58 /a broad, capsule 48/a x 46/a. Range— 52-80/a 

long, 45-62/a broad. , . 

Comments: Deflandrea rotundata differs from all other described species of 
the genus in the absence of an apical horn. It is relatively common in the Oodnadatta 
Bore sample. 

Deflandrea foliacea sp. nov. 

(PI. I, fig. 3; holotype P17859) 

Age and Occurrence: Turonian: Upper Gearle Siltstone, W.A., Wapet’s 
Rough Range South No. 1 Bore, core 62 (2,505-11 ft.), core 63 (2,511-14 ft.). 
?Upper Turonian to Middle Senonian: Molecap Greensand, W.A. (Cookson and 

Eisenack 1960). , 

Description : Shell flat, broadly oval in outline, divided almost equally by a 
rather broad shallow girdle and narrowing towards a short blunt apical projection 
and one or occasionally two slight antapical prominences. A short, broad longitudinal 
furrow is developed on the ventral surface of the hypotheca. The capsule is approxi¬ 
mately circular in outline and does not fill the shell laterally. A pylome has not been 
observed. Shell-membrane thin, transparent, wall of capsule slightly granular. 

Dimensions: Type—5 7/a long, 48/a broad. Range 53-67/a long, 43-52/a broad. 

Comments: This species closely resembles D. rotundata sp. nov. but differs 
from it in the shape of the epitheca. 

Family Gonyaulacidae 
Genus Gonyaulax Diesing 1866 
Gonyaulax helicoidea sp. nov. 

(PI. I, figs. 4, 9; holotype fig. 4, PI7868) 

Age and Occurrence: Aptian: Longreach Drill Co.’s Balmoral Well, N.Q., 
at 1,000 ft. Lower Cretaceous (Aptian or older) : Lake Phillipson Bore, S.A., at 
87 ft. 10 in. 

Description: Shell broadly oval, unequally divided by a strongly helicoid 
girdle; epitheca longer than hypotheca, surmounted by a hollow, thin-walled conical 
projection with a blunt apex; hypotheca broadly rounded. Both the girdle and plates 
are bordered by relatively high ledges with serrate edges. The surface of the plates 
is ornamented to varying degrees with small irregularly scattered tubercles. The 
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longitudinal furrow lies ± obliquely to the long axis. A pylome may be developed 
by the removal of plate 3". 

Dimensions: Type— 78/a long, 56/x broad. Range— 62-86/a long, 48-67/a broad. 

Gonyaulax helicoidea subsp. cassidata subsp. nov. 

(PI. I, figs. 5, 6; holotype fig. 5, P17869) 

Age and Occurrence : Probably Cenomanian: Brickhouse Bore, W.A., (Cook- 
son and Eisenack 1960) at 1,210 ft. ?Upper Albian to Cenomanian: N. of Gingin, 
W.A., Seismic shot-hole B1 at 210, 230 ft. (Cookson and Eisenack 1960). Albian: 
Santos’s Oodnadatta Bore, S.A., at 327 ft. Aptian: Roma Formation, N.Q., Batavia 
Downs Well at 45-9 ft. 

Description : Apex more prominent than in G. helicoidea s. str., dome-shaped, 
narrowing abruptly to a bluntly pointed horn; antapical region with a projection 
formed by the ledges and supported by thin spines deriving from the corners of the 
ailtapical plate 1"". 

Dimensions: Type— 83/a long, 52/a broad. Range— 71-95/a long, 47-57/a broad. 

Family Hystrichodinidae 
Genus Diconodinium gen. nov. 

(ex Palaeohystrichophora Defl. 1938) 

Description : Shell fusiform to almost spherical, without tabulation and capsule, 
divided equally or unequally by a circular girdle; ventral surface with or without 
clear lines which run longitudinally from the end of the girdle to or towards both 
apex and antapex delimiting an area which corresponds in position to a longitudinal 
furrow. Epitheca terminated by a strongly marked to inconspicuous process with a 
bifid or concave tip; hypotheca with a prominent to much reduced spine-like pro¬ 
jection. Shell-membrane thin, smooth or ornamented with granules, spinules, or 
small spines. Genotype Diconodinium multispinum (Defl. and Cookson). 

Comments: The genus Diconodinium is distinct from the genus Palaeohystri¬ 
chophora , as exemplified by the genotype P. infusorioides Defl., in the absence of 
an internal body or capsule, the presence of a ‘longitudinal furrow’ and the shape 
of both apex and antapex. 

Diconodinium multispinum (Defl. and Cookson) 

Palaeohystrichophora multispina Defl. and Cookson 1955, p. 257, PI. 1, fig. 5. 
Palaeohystrichophora multispina in Cookson and Eisenack 1958, p. 38, PI. X, fig. 13. 

Diconodinium pelliferum (Cookson and Eisenack) 

Palaeohystrichophora cf. spinosissima Defl. and Cookson 1955, PI. 4, fig. 10; non Palaeohystri¬ 
chophora spinosissima (Defl.) in Defl. and Cookson 1955, p. 257. 

Palaeohystrichophora pellifera Cookson and Eisenack 1958, p. 38, PI. X, fig. 11. 

Diconodinium dispersum (Cookson and Eisenack) 
Palaeohystrichophora dispersa Cookson and Eisenack 1958, p. 39, PI. X, figs. 12, 14. 

New Occurrence: Subiaco Bore, W.A., at 358 ft. (light sample) (Cookson 
and Eisenack 1960). 

Diconodinium glabrum sp. nov. 

(PI. I, fig. 11; holotype, F17860) 

Age and Occurrence: PUpper Albian to Cenomanian: Wapet’s Seismic shot- 
hole B1 at 200-20 ft. Albian: Moora Bore, W.A., at 86-170 ft.; Santos’s Oodna- 
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datta Bore, S.A., at 327 and 367 ft.; Lower Gearle Siltstone, Wapet’s Rough Range 
Bore No. 7 at 2,360-75 ft. 

Description: Shell fusiform, epitheca usually longer than hypotheca, girdle 
prominent, ‘longitudinal furrow’ strongly or weakly outlined; apical process promi¬ 
nent, usually slightly bifid, antapical process well developed and sharply pointed. 
Shell-membrane smooth in optical section, surface either completely smooth or 
sparsely dotted with tiny granules. 

Dimensions : Type— 120/* long, 70/* broad. Range—62-142,* long, 41-72/* broad. 

Comments: Forms which in surface structure appear to be intermediate be¬ 
tween typical examples of D. glabrmn and D. multispinum occur in the Lower 
Gearle Siltstone and Moora Bore deposit (PI. I, fig. 10). 

Diconodinium inflatum sp. nov. 

(PI. I, figs. 12, 13; holotype fig. 13, P17861) 

Age and Occurrence: ?Upper Albian to Cenomanian: N. of Gingin, W.A., 
Wapet’s Seismic shot-hole B1 at 220 ft. (Cookson and Eisenack 1960). 

Description : Shape broadly oval in outline, epitheca longer than hypotheca 
and terminated by a rather short, hollow, bifid process, hypotheca with a short 
spine. Shell-membrane two-layered, outer layer ornamented with rather widely- 
spaced spinules which tend to be arranged in longitudinal rows and to project 
slightly beyond the surface in optical section; region of ‘longitudinal furrow’ 
smooth, lines bounding it clearly defined. 

Dimensions: Type—88/* long, 67/* broad. Range—80-95/* long, 52-67/* broad. 

Comments: D. inflatum agrees in general morphological features with the other 
described species of Diconodinium but differs from them in having a two-layered 
wall. 

Diconodinium tenuistriatum sp. nov. 

(PI. I, figs. 14-16; holotype figs. 14, 15, P17862) 

Age and Occurrence: ?Upper Albian to Cenomanian: N. of Gingin, W.A., 
Wapet’s Seismic shot-hole B1 at 200, 210 ft. Probably Cenomanian: Brickhouse 
Bore, W.A., at 1,210 ft. (Cookson and Eisenack 1960). 

Description : Shell ovoidal to nearly spherical, girdle usually faintly marked, 
epitheca longer than hypotheca, apical process very short, concave, antapical spine 
only slightly represented. Shell-membrane thin, ornamented with close rows of 
regularly and closely arranged small granules which converge towards both apex 
and antapex. Striation on the ventral surface outwardly directed towards the ends 
of the girdle leaving a wide unpatterned area which corresponds in position to a 
longitudinal furrow. 

Dimensions : Type—62/* long, 58/* broad. Range—48-67/* long, 46-60/* broad. 

Family Incerta 

Genus Apteodinium Eisenack 1958 
Apteodinium maculatum sp. nov. 

(PI. II, figs. 1-3; holotype fig. 1. P17863) 

Age and Occurrence: Albian: Lower Gearle Siltstone, W.A., Wapet’s Rough 
Range No. 7 Bore at 2,360-75 ft.; Santos’s Oodnadatta Bore at 87 and 327 ft. 
Aptian: Roma Formation, N.Q., Batavia Downs Well, 45-9 ft. 
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Description : Shell broadly oval to circular in outline (no doubt originally 
spherical but usually flattened) with or without a circular equatorial girdle with 
low borders. Epitheca terminated by a short solid horn which narrows from a broad 
base with straight or convex sides towards a blunt tip; a hoof-shaped pylome is 
developed between the base of the horn and the position of the girdle. 

Shell-membrane thin, finely granular with a varying number of small thickened 
areas with circular outlines each of which, in stained preparations, is surrounded 
a more lightly stained ‘halo’. The thickenings generally occur in groups and are 
usually particularly well developed on the lid of the pylome (PI. II, fig. 2). In 
some examples the thickenings are numerous, in others only sparsely developed. 

Dimensions : Type—88/* long, 78/* broad. Range—74-105/* long, 70-105/* broad. 

Apteodinium conjunctum sp. nov. 

(PI. I, figs. 7, 8; holotype fig. 7, PI7864) 

Apteodinium sp. in Eisenack 1958, p. 387, PI. XXIII, figs. 15-18. 

Age and Occurrence : Aptian: Roma Formation, N.Q., Batavia Downs Well 
at 45-9 ft.; S. Perth Formation, W.A., Attadale Bore at 809 ft. Age uncertain: A 
glacial boulder from N. Germany (Eisenack 1958). 

Description : Shell relatively thick-walled, shortly ovoidal with a broad hypo- 
theca, a short, abruptly deliminated, pointed apical horn and sometimes as in the 
type, a short, blunt antapical horn. The girdle, which is usually clearly defined, is 
rather wide, circular and level with the surface. 

A large, sometimes circular pylome extends from below the apex to the girdle. 

Dimensions: Type—80/* long, 67/* broad; paratype—60/* long, 57/* broad. 

Genus Trichodinium gen. nov. 

Description : Shell spherical to oval with a circular girdle and without indica¬ 
tion of a longitudinal furrow and definite tabulation; epitheca with a short horn 
and a pylome on the dorsal surface. Shell-membrane ± densely covered with hairs, 
bristles or spines. Genotype Trichodinium pellitum sp. nov. 

Comments: The genus Trichodinium differs from the genus Apteodinium in 
the ornamentation of the shell and from the genus Cometodinium Defl. and Courte- 
ville in the development of an apical horn. 

Trichodinium pellitum sp. nov. 

(PI. II, fig. 4; holotype, P17865) 

Age and Occurrence: Aptian: Longreach Drill Co.’s Balmoral Well N.Q., 
at 1,000 ft. 

Description : Shell oval, divided equally by an equatorial girdle, with a narrow, 
straight-sided apical horn which bears numerous short upwardly directed hairs. The 
shell-membrane is densely covered with rather long, frequently bent hairs which 
are particularly long and divergent on both sides of the girdle and form a tuft at 
the antapex. The pylome is rather large and semicircular. 

Dimensions: Type—Overall 110/* long, 100/* broad, shell 82/* x 75/* horn 
15/* long. 

Trichodinium paucispinum sp. nov. 

(PI. II, fig. 7; holotype, P17866) 

Age and Occurrence: Albian: Santos’s Oodnadatta Bore, S.A., at 327 ft.; 
Lower Gearle Siltstone, W.A., Wapet’s Rough Range No. 1 Bore at 2,750 ft. 



6 A. EISENACK AND ISABEL G COOKSON: 

Description : Shell oval to nearly spherical, girdle narrow, equatoriall; apical 
horn narrow, straight-sided surmounted by three or more short, flat divergent 
fibres. Shell-membrane densely granular, sparsely covered with broadly-based 
spines. Pylome broad. 

Dimensions : Type—Overall 100/a long, 81/a broad, shell 85 /a x 81/a, horn c. 
15/a long. Overall 76-100/a long, 60-82 /a broad. 

Trichodinium intermedium sp. nov. 

(PI. II, figs. 5, 6; holotype fig. 5, P17867) 

Age and Occurrence: Aptian to Lower Albian: Windalia Radiolarite, W.A., 
Wapet’s Rough Range No. 4 Bore at 3,532-50 ft. 

Description : Shell oval, with a rather indistinct equatorial girdle; epitheca with 
a small, spiny horn and a pylome on the dorsal surface. Shell-membrane granular, 
rather densely covered with short, stiff, pointed or slightly capitate spines. 

Dimensions: Type—Overall 90/a long, 76/a broad, shell 78/a x 69/a. Paratype 
(PI. II, fig. 6) —Overall 100/a long, 81/x broad, shell 90/a x 76/a, horn c. 8/a. 

Oodnadattia gen. nov. 

Description: Shell broader than long, apical and antapical surfaces convex, 
circular to broadly oval in outline with an embayment made by the longitudinal fur¬ 
row. Transverse furrow circular, narrow, bordered by two broad membraneous 
wings - longitudinal furrow winged especially in the hypotheca. The plates of the 
epitheca and hypotheca are bordered by low ledges and separated by radially ar¬ 
ranged rectangular intermediate plates. Genotype Oodnadattia tuberculata sp. nov. 

Comments: The genus Oodnadattia is distinct from Dinopterygium Defl. 1935 
in the absence of high ledges and the presence of intermediate plates in both epitheca 
and hypotheca. 



Fig. 1 .—Oodnadattia tuberculata sp. nov., tabulation of the epitheca 
(schematic), see PI. II, fig. 13- 

Oodnadattia tuberculata sp. nov. 

(PI. II, figs. 10-14; Fig. 1; holotype fig. 10, P17877) 

Dinopterygium cladoides Deflandre in Deflandre and Cookson 1955. p. 261, PI. 1, fig. 2. 

Age and Occurrence : Albian: Onepah Station, N.S.W. (Deflandre and Cook¬ 
son 1955, p. 246) ; Santos’s Oodnadatta Bore, S.A., at 327 ft. 






MICROPLANKTON FROM LOWER CRETACEOUS SEDIMENTS 7 

Description : The epitheca is composed of 3 apical plates, plate 1' being circular 
ana small and covering the apex, plates 2' and 3' being larger and polygonal, and 7 
pre-equatorial plates, 5 of which are separated by 4 intermediate plates, a"-d"; 
both the pre-equatorial and intermediate plates extend to the equatorial wing (Fig! 
1). Plates 2 and 3 and 1 -7 are sparsely scattered with small circular tubercles, 
the intermediate plates are smooth. The hypotheca is composed of a relatively large 

a 5 a d ca L plate iL P ost-ec l uator,a * ptates a«d 4 (or 5?) intermediate plates, 
a -d . Plates 1 -5 and 1"" are tuberculate, the intermediate plates are smooth 
The equatorial wing of the hypotheca is narrower than that of the epitheca. 

Dimensions: Type—Overall diameter 108/*. Overall range—95-112/*. 


Genus Ceratocystidiopsis Deflandre 1937 
Ceratocystidiopsis ludbrooki Cookson and Eisenack 
(PI. Ill, fig. 1 , P17889) 

Ceratocystidiopsis ludbrooki Cookson and Eisenack 1958, p. 52, PI. V, figs. 7, 8. 

New Occurrence: Albian: Santos’s Oodnadatta Bore, S.A., at 327 ft. 

Comments: In the original description of C. ludbrooki, the presence of a girdle 
and tabulation was not sufficiently evident for even brief mention. Since then a few 
examples, especially the one shown in PI. Ill, fig. 1, have clearly demonstrated that 
both a girdle and simple form of tabulation do occur in this species. 

On the dorsal surface of the figured specimen, a narrow girdle and a large 
square plate situated to one side of the hypotheca are clearly outlined while on 
the ventral surface a broad, low-bordered longitudinal furrow lies between the two 
antapical horns and two lateral plates, which mark the end of the girdle are 
indicated. 

In the light of this example it is now possible to recognize faint representations 
of both the girdle and large hypothecal plate on the dorsal surface of the holotype 

The new examples have afforded proof of a connection between Ceratocystidiop¬ 
sis ludbrooki and the dinoflagellates, a taxonomic position to which it has already 
been assigned, on the basis of the shape, by Gocht (1957). J 


Genus Canningia Cookson and Eisenack 1959 
Canningia colliveri Cookson and Eisenack 
Canningia colliveri Cookson and Eisenack 1959/60, PI. II, fig S . 3, 4. 

New ,%^ rr ^ nce: Lower Cretaceous (Aptian or older) : Santos’s Oodnadatta 
Bore at 1,052-61 ft. 


Genus Broomea Cookson and Eisenack 1958 
Broomea micropoda sp. nov. 

(PI. II, figs. 8, 9; holotype fig. 9, P17890) 

Age and Occurrence: Albian: Santos’s Oodnadatta Bore, S.A., at 327 ft. 
Aptian: Roma Formation, N.Q., Batavia Downs Well at 45 and 49 ft • Frome 
Broken Hill Co.’s Wyaaba No. 1 Bore, Galbraith, N.Q., at 2,229-30 ft. 

Description : Shell broadly fusiform to almost cylindrical, tapering to a short 
bluntly-pointed apical horn and with two small, usually unequal, pointed antapical 
projections; no indications of tabulation, ‘girdle’ or a pylome have been observed. 
Shell-membrane rather thick, coarsely and closely granular. 
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Dimensions: Type— 100/a long, 4 7/a broad. Range 83-108/a long, 28-51/a 
broad. 

Comments: In referring this species to the genus Broomea we are aware that 
the apparent combined absence of a pylome and ‘girdle’ may be considered as suffi¬ 
cient reason for separating it from this genus. However, a pylome, being a develop¬ 
mental feature, is not represented in every specimen of B. ramosa Cookson and 
Eisenack or B. simplex Cookson and Eisenack and the ‘girdle’ sometimes well 
developed in B. ramosa has not been seen as yet in B. simplex. 

The shape of the shell of B. micropoda is essentially similar to that of the two 
other species of Broomea, the only difference being the extreme reduction in the 
size of the horns. 

Hystrichosfheres 


Family Hystrichosphaeridae 
Genus Hystrichosphaeridium Deflandre 1936 
Hystrichosphaeridium arundum sp. nov. 

(PI. Ill, figs. 7-9; holotvpe fig. 7, PI7891) 

Age and Occurrence : Albian: Santos s Oodnadatta Bore at 327 ft.; Lower 
Gearle Siltstone, Wapet’s Rough Range No. 1 Bore at 2,750 ft.; Moora Bore, 
W.A., at 86-170 ft., Regan’s Ford on Moore R., W.A., Wapet s Seismic shot-hole 

L8 at 240 ft. 


Description: Shell spherical, slightly granular, provided with approximately 
30 short funnel-shaped appendages with delicate recurved edges. The width of the 
appendages may be uniform or variable in one and the same example. A pylome 
has not been observed despite the relative frequency of this species. 

Dimensions: Type—Diameter of shell 28/a, overall diameter 42/a. Range 
Diameter of shell 24-32/a, overall diameter 38-57/a. 

Comments: Hystrichosphaeridium - arundum sp. nov. is considerably smaller 
and has more numerous appendages than H. siphoniphorum Cookson and Eisenack; 
it is also clearly distinct from H. salpingophorum Deflandre. 


Genus Cannosphaeropsis O. Wetzel 1933 
Cannosphaeropsis peridictya sp. nov. 

(PI. Ill, figs. 5, 6; holotype fig. 6, P17892) 

Cannosphaeropsis fenestrata Defl. and Cookson in Cookson and Eisenack 1958, pp. 46, 79, PI 
VII, figs. 1-3. 


Age and Occurrence: ?Upper Albian to Cenomanian: Subiaco Bore, W.A, 
at 358 ft. Albian: Lower Gearle Siltstone, W.A., Wapet’s Rough Pange No. 7 
Bore at 2,360-75 ft. Aptian to Lower Albian: Windaha Radiolante, W.A.,JV\apets 
Rough Range No. 4 Bore at 3,532-50 ft. 


Description • Shell spherical, thin-walled, completely enveloped in a wide- 
meshed network the threads of which are thin, cylindrical or occasionally flat The 
supporting threads so evident in other species of Cannosphaeropsis are *ot clearly 
defined and usually the greater portion of the net is free from the shell. 


Dimensions : Type— Diameter of shell c. 43/a, overall diameter c. 76/a. Parade 
(PI. Ill, fig. 5)— Diameter of shell c. 48/a, overall measurements c. 114/a l<*ig> 
76 /a broad; another example 100/a long, 105/a broad. 
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Family Pterospermopsidae 

Genus Cymatiosphaera O. Wetzel 1933 emend. Deflandre 1954 
Cymatiosphaera stigmata Cookson and Eisenack 
Cymatiosphaera stigmata Cookson and Eisenack 1958, p. 50, PI. IX, fig. 14. 

New Occurrence: Lower Cretaceous (Aptian or older) : Frome-Broken Hill 
Co.’s Wyaaba No. 1 Bore, N.Q., at 2,636-7 ft.: Lake Phillipson Bore, S.A., at 
87 ft. 10 in.; Santos’s Oodnadatta Bore, S.A., at 1,247-52 ft. 

Comments: A considerable variation in the size of the shell, as well as in the 
size and number of the fields, occurs among the examples from the localities listed 
above. In the smallest examples the number of fields approximates fairly closely to 
that of C. pit net if era Defl. and Cookson. In large examples both the size and number 
of fields greatly exceed those given in the original description of C. stigmata. 

C. stigmata seems to be confined to the deeper layers of the Lower Cretaceous. 
The Wyaaba, Oodnadatta and Lake Phillipson samples probably represent the 
Blythesdale Formation, while a Neocomian to Lower Aptian age has been suggested 
for the type locality (Meadow’ Station Bore, W.A., Cookson and Eisenack 1958, 

p. 21). 

Dimensions: Emended range in diameter 29-104/*. 

Cymatiosphaera striata sp. nov. 

(PI. Ill, figs. 10. 11; holotype fig. 11, P17893) 

Age and Occurrence: Probably Cenomanian: Brickhouse Bore, W.A., at 
1,210 ft. PUpper Albian to Cenomanian: Osborne Formation, W.A., Fremantle 
Traffic Bridge Bore No. 5 at 100 ft. Albian: Santos’s Oodnadatta Bore, S.A., at 
327 ft.; Moora Bore, W.A., at 86-170 ft.; Regan’s Ford on Moore R.. W.A., 
Wapet’s Seismic shot-hole L8 at 240 ft. Aptian: Roma Formation, N.Q., Batavia 
Downs Well between 45 and 49 ft. 

Description : Shell spherical, thin-walled, bearing high membranes which form 
large fields. Surface of shell granular; the membranes thin, transparent, and finely 
striated. 

Dimensions: Type—Diameter of shell c. 35^, overall diameter c. 70/*. Range— 
Diameter of shell 35-57/*, overall diameter 60-76/*. 

Incertae Sedis 
Genus Aptea Eisenack 1958 

Aptea cf. polymorpha Eisenack 
(PI. Ill, figs. 2-4) 

Age and Occurrence: Albian: Low’er Gearle Siltstone, W.A., Wapet’s Rough 
Range No. 1 Bore at 2,750 ft.; Moora Bore. W.A., at 86-170 ft. Aptian: Frome- 
Broken Hill Co.’s Wyaaba No. 1 Bore, Galbraith, N.Q., at 2,229-30 ft. 

Comments: The Australian specimens compared with Aptea polymorpha re¬ 
semble only those European Aptian examples which have no antapical processes. 

Genus Diplotesta Cookson and Eisenack 1958 
Diplotesta glaessneri Cookson and Eisenack 
Diplotesta glaessneri Cookson and Eisenack 1959a, PI. Ill, figs. 4-6. 

New Occurrence: Lower Cretaceous (Aptian or older): Frome-Broken Hill 
Co.’s Wyaaba No. 1 Bore, Galbraith, N.Q., at 2,636-7 ft. 

B 
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Genus Dioxya Cookson and Eisenack 1958 
Dioxya villosa sp. nov. 

(PI. II, figs. 15, 16; holotype fig. 15, P17894) 

Age and Occurrence: Albian: Moora Bore, W.A., at 86-170 ft.; Regan’s 
Ford on Moore R., W.A., Wapet’s Seismic shot-hole L8 at 240 ft., L9 at 305 ft.; 
Lower Gearle Siltstone, Wapet’s Rough Range No. 1 Bore at 2,750 ft. 

Description : Shell broadly fusiform to almost spherical, with a truncate apical 
process surmounted by two short bristles; antapical process inconspicuous, pointed, 
situated in the mid-line or somewhat laterally. Shell-membrane thin, completely 
invested with minute spinules. 

Dimensions : Type — 57/a long, 43/a broad. Range— 52-60/a long, 32-43/a broad. 


Gen. et sp. indet., Form A 
(PI. Ill, figs. 12-14; fig. 12, PI7895) 

Age and Occurrence: Lower Cretaceous (Aptian or older) : Frome-Broken 
Hill Co.’s Wyaaba No. 1 Bore, N.Q., at 2,636-7 ft.; Lake Phillipson Bore, S.A., 
at 87 ft. 10 in.; Santos’s Oodnadatta Bore, S.A., at 1,052-61 ft. ?Upper Neocomian 
to Lower Aptian : Probably Grierson Member, Birdrong Formation, W.A., Meadow 
Station Bore No. 9. 

Description : Body small, ring-like, wall thin with narrow, evenly-spaced ribs 
which run vertically from edge to edge and give it a striped appearance. 

Dimensions: Diameter 43-52/a, depth 11-15/a. 

Comments: The origin and nature of Form A are completely obscure and it is 
more than likely that it had no connection with the microplankton with which it is 
associated in the sediments referred to above. However, it seems worthy of mention 
as a possible marker fossil. Form A has not been observed in any of the Upper 
Cretaceous and Albian deposits examined and seems to lie restricted to the deeper 
levels of the Lower Cretaceous, representative of the Blythesdale Formation in the 
Great Artesian Basin and the Birdrong Formation in Western Australia. 
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Explanation of Plates 

Plate I 

Figs. 1, 2.— Deflandrca rotundata sp. nov. Oodnadatta Bore, S.A., at 327 ft. X c. 500. 

Fig. 3. — Deflandrea joliacea sp. nov. Rough Range South No. 1 Bore, W.A., at 2505-11 ft. 
X c. 500. 

Figs. 4, 9. — Gonyaulax helicoidea sp. nov. Lake Phillipson Bore, S.A., at 87 ft. 10 in. Fig. 4, 
Type X c. 400; Fig. 9, Paratype X c. 400. 

Figs. 5, 6.— Gonyaulax helicoidea subsp. cassidata subsp. nov. Oodnadatta Bore, S.A., at 327 ft. 
Fig. 5, X c. 360; Fig. 6, X c. 400. 

Figs. 7, 8. — Apteodinium conjunctum sp. nov. Fig. 7, Roma Formation, N.Q., Well on Batavia 
Downs Station at 45-9 ft. X c. 400; Fig. 8, South Perth Formation, W.A., Attadale 
Bore at 809 ft. X c. 400. 

Fig. 10. — Diconodinium cf. multispinum (Defl. and Cookson). Moora Bore, W.A., at 86-170 ft. 
X c. 500. 

Fig. 11. — Diconodinium glabrum sp. nov. Oodnadatta Bore, S.A., at 327 ft. X c. 400. 

Figs. 12, 13. — Diconodinium inflatum sp. nov. N. of Gingin, W.A., Seismic shot-hole B1 at 
220 ft. X c. 400. 

Figs. 14-16. — Diconodinium tenuistriatum sp. nov. N. of Gingin, W.A., Seismic shot-hole B1 
at 210 ft. Figs. 14, 15, ventral and dorsal surfaces of type X c. 700; Fig. 16, X c. 560. 

Plate II 

Figs. 1-3. — Apteodinium maculatum sp. nov. Oodnadatta Bore, S.A., at 327 ft. Fig. 1, type 
X c. 525. Fig. 2, plate of pylome X c. 600. Fig. 3, portion of shell-membrane X c. 600. 
Fig 4. — Trichodinium pellitum sp. nov. Longreach Drill Co.’s Balmoral Well, N.Q., at 1000 ft. 
X c. 400. 

Figs. 5, 6. — Trichodinium intermedium sp. nov. Windalia Radiolarite, W.A., Rough Range 
No. 4 Bore at 3532-50 ft. X c. 400. 

Fig. 7. — Trichodinium paucispinum sp. nov. Oodnadatta Bore, S.A., at 327 ft. X c. 400. 

Figs. 8, 9 —Broomea micropoda sp. nov. Fig. 8, Roma Formation, N.Q., Well on Batavia 
Downs Station at 45-9 ft. X c. 350; Fig. 9, Oodnadatta Bore, S.A., at 327 ft. X c. 370. 
Figs*. 10-14. — Oodnadattia tuberculata sp. nov. Oodnadatta Bore, S.A., at 327 ft. Fig. 10, oblique 
view of antapex X c. 400; Fig. 11, side view (oblique) X c. 400; Fig. 12, side view 
X c. 260; Fig. 13, surface view of epitheca X c. 600; Fig. 14, antapex in surface view 
X c. 400. 

Figs. 15, 16. — Dioxya villosa sp. nov. Fig. 15, Moora Bore X c. 540; Fig. 16, Regan’s Ford, 
W.A., Seismic shot-hole L8 at 240 ft. X c. 540. 

Plate III 

Fig 1 — Ceratocystidiopsis ludbrooki Cookson and Eisenack. Oodnadatta Bore, S.A., at 327 ft. 
X c. 360. 

Figs. 2-4. — Aptea cf. polymorpha Eisenack. Fig. 2, Wyaaba No. 1 Bore, Galbraith, N.Q., at 
2229-30 ft. X c. 500; Figs. 3, 4, Moora Bore, W.A., at 86-170 ft. X c. 500. 

Figs. 5, 6. — Cannosphaeropsis pcridictya sp. nov. Windalia Radiolarite, W.A., Rough Range 
No. 4 Bore at 3532-50 ft. X c. 400. 

Figs. 7-9. — Hystrichosphaeridium artmdum sp. nov. Figs. 7, 8, Oodnadatta Bore, S.A., at 327 ft. 
Fig. 7, type X c. 500; Fig. 8, X c. 700; Fig. 9, Moora Bore, W.A., at 86-170 ft. X 
r. 500: 

Figs. 10 11- — Cymatiosphaera striata sp. nov. Fig. 10, Fremantle Traffic Bridge Bore, W.A.,. 

at 100 ft. X c. 500; Fig. 11, Oodnadatta Bore. S.A., at 327 ft. X c. 400. 

Figs. 12-14. — Incertae sedis, Form A. Figs. 12, 13, Lake Phillipson Bore, S.A., at 87 ft. 10 in. 
X c. 500; Fig. 14, Meadow Station Bore No. 9, W.A., X c. 560. 
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ON THE FAMILY CUPEDIDAE, COLEOPTERA 
By A. Neboiss, MSc, FRES 

Assistant Curator of Insects, National Museum of Victoria, Melbourne 
[Read 9 July 1959] 

Abstract 

This paper includes descriptions and figures of all known species from Australia. Cupes 
varians Lea was found to be incorrectly placed in the genus Omma by some authors. Three 
species are described as new— Cupes youanga, C. mathesonae and C. eumana. Thus the total 
number of species in Australia is increased to 6 of which 4 are placed in the genus Cupes, and 
2 in the genus Omma. A new genus, Prolixocupcs is erected to include S. American species 
latrcillei (Sober), which is segregated from the genus Cupes. 

Introduction 

In the past, only an occasional publication has dealt with members of the family 
Cupedidae in Australia. Because of the discovery of some undescribed forms, the 
study of all Australian species became advisable. This paper includes descriptions 
and figures of all Australian species, and segregates S. American species latreillei 
(Sober) into a separate genus distinct from Cupes. 

The position of the family has been in doubt for a long time, and lengthy dis¬ 
cussions have been published by many authors (Fowler 1912; Gauglebauer 1903; 
Kolbe 1901, 1908; Peyerimhoff 1902a, b, 1909; Sharp and Muir 1912; and others). 
Finally it was placed in a separate suborder, the Archostemata, together with the 
entirely N. American family Micromalthidae (Kolbe 1908, Forbes 1926, Crawson 
1955, Atkins 1958). As a family having primitive characteristics, and according to 
its relationships, morphological features and larvae (Boving and Craighead 1930), 
the suborder Archostemata appears to be the most correct position. After Janssens 
(1953), the family contained 22 species which were placed in 5 genera. For Aus¬ 
tralia only 3 species were listed, all in the genus Omma, irrespective of the fact 
that one of them, varians Lea (1902), was originally described in the genus Cupes. 
The changed taxonomic position is discussed below. As dissection for genitalia was 
not undertaken, and secondary sexual characters are absent, sex was not determined 
in the specimens examined. 

Recent species are known from N. and S. America, SE. Asia, E. Australia, and 
SE. Africa, whereas fossil forms indicate wider distribution in previous geological 
times. 

A number of institutions and private collectors have made available their 
material for this study, and they are listed under the following abbreviations; 

AM Australian Museum, Sydney. 

BPM Private collection of Dr. B. P. Moore, Melbourne. 

CSIRO Division of Entomology Museum, CSIRO, Canberra. 

ETS Private collection of Mr. E. T. Smith, Sunshine. 

FEW Private collection of Mr. F. E. Wilson, Malvern. 

FH Private collection of Mr. F. Hallgarten. Pascoe Vale. 

MACL Macleay Museum, Sydney. 

NM National Museum of Victoria, Melbourne. 

QM Queensland Museum, Brisbane. 

QU Queensland University, Department of Entomology, Brisbane. 

SAM South Australian Museum, Adelaide. 

Family Cupedidae 

Cupcsides Lacordaire, 1857. Hist. Nat. Ins. Gen. Col. 4: 505. 
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Cupedidae Alluaud, 1900. Col. Reg. Malgache .: 155. 

Ommadidae Sharp and Muir, 1912. Trans. Ent. Soc. Lond. 1912: 521. 

Elongate insects of medium size, somewhat flattened. Elytra deeply sculptured 
with odd intervals strongly elevated; striae with large and deep impressions, separ¬ 
ated by transverse ribs. Head more or less porrected; eyes round and prominent; 
antennae 11-segmented, filiform or serrate. Prothorax small, noto-pleural sutures 
distinct. Metasternum with distinct transverse suture along the posterior margin. 
Abdomen with 5 visible sternites. Legs short and slender; tarsi 5-segmented; claws 
small, simple. 

The Australian genus Ontma Newman was considered by Sharp and Muir 
(1912) to form a distinct family Ommadidae, separate from the family Cupedidae. 
The separation was based on differently formed aedeagus but, at the same time, the 
authors themselves admitted that ‘we really, however, know very little about the 
creatures and generalisation is premature’. As the separation of the new family is 
based on a single feature of the one sex, we can agree with the opinion of Atkins 
(1958) that ‘it is improbable, however, that one can arrive at a true expression of 
the phylogenetic relationship on the basis of one or two features’. Genus Omma is 
therefore retained in the family Cupedidae. Described by Newman (1839), it con¬ 
sisted of a single species, Omnia stanlcyi, from Queensland. Later, Macleay (1871) 
added his species masters* to this genus and finally, Lea (1902) described a third 
species, varians , which he placed in the genus Capes. Authors often have referred 
to the peculiar characters of Omma stanleyi but have neglected the study of the 
other Australian species. Gestro (1910) and Janssens (1953) in the 1st and 2nd 
edition respectively of Coleopterorum Catalogus Part 5, entered varians under the 
genus Omma. No literary references to discussion and justification of this transfer 
are known. It is obvious that varians does not belong to Omma, and, in addition, 
it has been found by the present author to be generically distinct from Capes latreil- 
lei Solier of S. America. The latter species was fully discussed and figured by Monros 
and Monros (1952). It was necessary, therefore,’to compare both species, varians 
and latreillei, with the type species Cupes capitatus Fabricius. Having done so, the 
author concluded that the generic characters of capitatus are found in the Aus¬ 
tralian species varians while, in the S. American species latreillei, characters war¬ 
ranting the erection of a new genus are present. 

Key for separating genera discussed in this paper: 

1. Prosternum with deep tarsal grooves; antennae long, reaching beyond base of 

prothorax.. 

Prosternum without tarsal grooves; antennae short, not reaching beyond base of 
prothorax.. Omma Newman 

2. Gula wide, reaching posterior ridge of head; genae separated ventrally . Cupes Fabricius 
Gula narrow, not reaching posterior ridge of head; genae meeting ventrally 

Prolixocupes gen. nov. 

Genus Cupes Fabricius 
Cupes Fabricius, 1801. Syst. El. 2: 66. 

Type species: Cupes capitatus Fabricius, 1801 (by monotypy). 

Head short and wide, widest anteriorly, angles rounded; with elevated projec¬ 
tions above the base of antennae, the latter filiform; gula short and wide, somewhat 
rectangular, reaching posterior ridge of head; genae widely separated by gula along 
entire distance. Prosternum with deep tarsal grooves along lateral and anterior 
margins, separated anteriorly by narrow single or double ridge. Only tarsal seg¬ 
ments and distal ends of tibiae of anterior legs capable of retraction into the respec¬ 
tive grooves. 

Tarsal grooves of capitatus separated anteriorly by two parallel ridges (PI. IV, 
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fig. 1), but in all known Australian species as well as in another N. American 
species, Cupes concolor Westwood, which was available for examination, grooves 
were separated by single ridge (PI. IV, fig. 2; PI. V, figs. 4, 5). 

The genus is distributed from N. America to E. and S. Asia, SE. Africa, and 
E. Australia. 

Key for separating Australian species of genus Cupes: 


1. Head with round, forward-pointing projection above each eye. vanans Lea 

Head without such projection, at most with slight elevation.2 

2. Scales on dorsal surface black and greyish-white. eumana sp. nov. 

Scales on dorsal surface dark brown and yellowish.3 

3. Anterior end of 3rd interval covered with yellowish scales. youanga sp. nov. 

Anterior end of 3rd interval covered with dark brown scales .. .. mathesonae sp. nov. 


Cupes varians Lea 

(Fig. 3; PI. IV, fig. 2) 

Cupes various Lea, 1902. Proc. Linn. Soc. NSW. 26: 485, 513 (type, not paratypes). 

Omnia varians Gestro, 1910. Col. Cat. 4 (5) : 2. 

Omnia iwrians Janssens, 1953. Col. Cat. 4 (5) : 4 (Second edition). 

Cupes varians Atkins, 1958. Can. Ent. 90: 535. 

At the time of description, Lea had 4 specimens available for study. The largest 
one was designated as the type, and is the only specimen which represents the 
species; the 2nd and 3rd specimens (Lea 1902, p. 487), however, are youanga ; 
the 4th is eumana. This was established by examination of all 4 specimens in the 
Macleay Museum. 

C. varians is the largest Australian species of this genus and, although variable 
in size, it is easily separable from the other 3 by the rounded, forward-pointing pro¬ 
jection above the eyes. Its general appearance is often altered considerably by 
abrasion or staining of scales. 

Head wide, angles rounded, median line distinct; cuneiform projections above 
the base of antennae; above each eye, behind the cuneiform projections, there is an¬ 
other round, forward-pointing projection. 

Prothorax transverse, apex narrow, suddenly widened to sides, these slightly 
rounded and bidentate near anterior angles; dorsal surface deeply depressed on 
either side of central keel-like ridge, the latter with narrow median line, and with 
small impressions on either side near anterior margin. Scales on head and prothorax 
mostly elliptical, yellowish-brown, denser in some parts than in others; integument 
visible between scales in most places. Scales on 1st 3 antennal segments as on the 
head, but progressively becoming thinner, somewhat spine-like on 5th segment, and 
absent from 6th and subsequent segments; 3rd to 11th segments densely covered 
with curved brownish setae. Tarsal grooves separated by narrow longitudinal ridge; 
anterior margin of prosternum narrow and only slightly raised (PI. IV, fig. 2). 
Scales on scutellum yellowish-brown. Elytra with odd intervals raised, and covered 
with scales, dark brown and yellowish-brown in longitudinal sections. Wing venation 
as in Fig. 3. 

Length 10-14-5 mm., width 3-4 5 mm. 

Type locality—Sydney. N.S.W. 

Type location—MACL. 

Specimens examined—28 (AM, BPM, ETS, FEW, FH, MACL, NM, QM, 
QU, SAM). 

Distribution—Queensland: Mt. Tamborine, National Park. New South Wales: 
Dorrigo, Barrington Tops, Sydney. Victoria: Lome, Fish Creek, Mt. Buller, Mill- 
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grove, Belgrave, Mt. Donna Buang, Mitcham. Tasmania: Sheffield (Lea 1902, 
p. 513). 

Cupes youanga sp. nov. 

(Fig. 4; PI. V, fig. 4) 

Smaller than varians, of similar general coloration, but differing in detail. 

Head densely covered with pale yellowish-brown scales, intermixed with occa¬ 
sional dark brown; integument not visible between scales. Cuneiform projections 
above base of antennae present, but with only a slight elevation above each eye. 
Antennae covered with yellowish-brown scales becoming progressively sparser to¬ 
wards apex; apical 2 or 3 segments with setae only; setae intermixed with scales 
on the basal segments, except 1st and 2nd, where absent. 

Prothorax slightly wider than long, apex narrow, suddenly widened to rounded 
sides, small acute point near the apical angles; dorsal surface depressed on either 
side of central ridge, the latter covered with dark brown scales, and rest of pro¬ 
thorax, including median line, with dull yellowish-brown scales. Tarsal grooves 
separated by narrow longitudinal ridge; anterior margin of prosternum high, ridge¬ 
like, and nearly as wide as groove (PI. V, fig. 4). 

Scales on scutellum mainly dark brown. Elytra with 3rd interval at anterior end 
covered with pale yellowish-brown scales for a short section, which then followed 
by a section of dark brown scales. This character helps to separate this species from 
mathesonae. Wing venation as in Fig. 4. 

Length 6-8 mm., width 1-7-2*1 mm. 

Type material—Type: Emerald, Vic., C. Oke (NM) ; 8 paratypes: Eukey, Q., 
Jan. 1934, F. E. Wilson (FEW) ; Blue Mts., N.S.W., Jan. 1905, H.J.C. (QM) ; 
Sydney, N.S.W., Dec. 1902, H.J.C. (NM) ; Merrijig, Vic., 15 Feb. 1958, I. 
Edwards (NM); Mt. Timbertop, Vic., Jan. 1959, I. Edwards (FEW) ; ‘Victoria’ 
(NM) ; Wentworth Falls, N.S.W. (SAM); ‘Australia’, French (SAM). 

Other specimens examined—2 paratypes of C. varians Lea -f 1, Sydney, N.S.W. 
(MACL). 

Distribution—S. Queensland, New South Wales, Victoria. 

The trivial name ‘youanga’, meaning ‘another’, is derived from an aboriginal 
word used by the natives of the Yarra Yarra tribe in Victoria. 

Cupes mathesonae sp. nov. 

(Fig. 7; PI. V, fig. 5) 

Very similar to youanga , but slightly larger, and differing in a number of 
minute characters. 

Head densely covered with pale yellowish-brown scales, intermixed with dark 
brown scales, which are more pronounced and darker than in youanga ; integument 
not visible between scales. Cuneiform projections above base of antennae present; 
elevations above eyes absent. Antennae covered with yellowish-brown, irregularly 
intermixed with dark brown scales, progressively becoming sparser towards apex, 
setae on all but two basal segments. 

Prothorax slightly wider than long, apex narrow, suddenly widened to rounded 
sides, point near apex acute; dorsal surface depressed on either side of central 
ridge, widely covered with dark brown scales along middle, but with pale yellowish- 
brown scales on sides. Tarsal grooves separated by narrow longitudinal ridge, latter 
followed dorsally by distinct depression; anterior margin of prosternum high, ridge¬ 
like, and almost as wide as groove (PI. V, fig. 5). 
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Scales on scutellum dark brown, occasionally with a few paler ones along middle. 
Elytra with 3rd interval at anterior end covered for some distance with dark brown 
scales, followed by section of pale yellowish-brown ones. Wing venation as in Fig. 7. 

Length 7-10 mm., width 19-2 6 mm. 

Type material—Type: Warburton, Vic.. Jan. 1930, C. Oke (NM) ; 10 para- 
types: Ararat, Vic., E. T. Smith (ETS) ; ‘Victoria’ (CSIRO) ; Pascoe Vale, Vic., 

9 Dec. 1955, F. Hallgarten (NM) ; Pascoe Vale, Vic., 20 Dec. 1954, F. Hallgarten 
(FH) ; 3 specimens Pascoe Vale, Vic., 15 Jan. 1957, F. Hallgarten (FH) ; St 
Kilda, Vic., 6 Jan. 1920, C. Oke (NM) ; Windsor, Vic., 15 Feb. 1920, Kershaw 
(NM) ; North Fitzroy, Vic., 15 Jan. 1953, F. Hallgarten (FH). 

Distribution—Victoria. 

Named after Miss E. M. Matheson, National Museum of Victoria, whose 
interest, assistance and criticism have greatly facilitated completion of this work. 

Cupes eumana sp. nov. 

(Fig. 5) 

Species similar in size to youanga and mathesonae, but scales are black and 
greyish-white instead of brown and yellowish-brown. 

Head densely covered with scales, black on dorsal surface, greyish-white, iter- 
mixed with black on sides: integument not visible between scales. Cuneiform pro¬ 
jections above base of antennae present, elevations above eyes absent. Antennae 
covered with black and greyish scales, somewhat thinner towards apex, setae present 
on all except 1st segment, those on basal segments widened and somewhat scale¬ 
like, becoming narrower towards apex. 

Prothorax wider than long, apex narrow, widened to evenly rounded sides; 
short acute point on each side close to apical angles; dorsal surface depressed on 
either side of central ridge, latter covered with black scales, rest of prothorax with 
greyish-white scales. Tarsal grooves separated by narrow longitudinal ridge; an¬ 
terior margin of prosternum high, ridge-like, about as wide as the groove. 

Scutellum covered with black scales. Elytra with intervals covered with black 
and greyish-white scales in sections. Wing venation as in Fig. 5. 

Length 6 5-7 mm., width 18 mm. 

Type material—Tvpe: Merrijig, Vic., 15 Feb. 1958, A. Neboiss (NM) : Para- 
type: Halls Gap, Vic., 30 Mar. 1958, H. Borch (FH). 

Other specimens examined—The 4th specimen (paratype) of Lea’s C. varians 
(MACL), mounted on one card with 2 specimens of youanga. 

Distribution—New South Wales, Victoria. 

The trivial name ‘eumana’, meaning ‘dormant, sleeping’, is derived from an 
aboriginal word used by the natives in Victoria. 

Genus Prolixocupes gen. nov. 

Type species: Cupes latreillci Solier (1849). 

Although similar to genus Cupes, it is separated by proportionally longer head 
and prothorax in relation to elytra, latter being less than 2 5 times longer than head 
and prothorax together. 

Head distinctly longer than wide with deep median cleft; antennae serrate; 
gula narrow, somewhat triangular, not reaching posterior ridge of head; genae 
meeting in section between gula and posterior ridge; antennal grooves absent, 
antennae serrate. Prosternum with tarsal grooves along lateral margins, widely 
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separated anteriorly (PI. IV, fig. 3). 

On present evidence this monotypic genus is confined to Chile and Argentina. 

Prolixocupes latreillei (Solier) comb. nov. 

(Fig. 2; PI. IV, fig. 3) 

Cupes latreillei Solier in Gay, 1849. Hist. Chil. 4 : 466. 

Cupes latreillei Gestro. 1910. Col. Cat. 4 (5) : 1. 

Cupes latreillei Monros and Monros, 1952. An. Soc. cient. Argent. 154- 19-41 
Cupes latreillei Janssens, 1953. Col. Cat. 4 (5) : 3 (second edition). 

A detailed description and figures of the species are given by Monros and 
Monros (1952). Their figure 26 on p. 30 of the wing venation appears in some way 
incomplete, and requires a few remarks. All characters of the specimen of latreillei 
available for the present study from the Curtis collection in the National Museum 
of Victoria, agree fully with the given description, except those of wing venation 
(Fig. 2). The radial sector and median veins do not end blindly, but are connected 
with the brachial cell and the oblong cell respectively. The brachial cell is complete 
and formed by 2 radial cross veins, but the oblong cell takes a more vertical position. 

Genus Omma Newman 

Omma Newman, 1839. Ann. Nat. Hist. 3: 303. 

Omma Peyerimhoff, 1902. Bull. Soc. ent. Fr. 1902: 330. 

Omma Sharp and Muir, 1912. Trans. Ent. Soc. Lond. 1912: 521 615 632. 

Omma Atkins, 1958. Canad. Ent. 90: 532. 

Type species: Omma stanleyi Newman 1839 (by monotypy). 

Head protruding, longer than wide, suddenly narrowed behind eves, forming 
a distinct neck; antennae 11-segmented, short, filiform, not reaching posterior angles 
of prothorax. 1st segment long, 2nd shorter, 3rd longer than 1st and 2nd together, 
succeeding ones small; mandibles large, curved, tridentate at apex. Surface of head 
and prothorax granulate, covered with hairs or scales. Prothorax quadrate, anterior 
and posterior angles rounded; prosternum without tarsal grooves. Elytra about 
twice as wide as prothorax; covered with hairs or scales. Legs moderately long, 
tarsi 5-segmented. 

Endemic Australian genus, known distribution limited to the E. part of the 
continent. 


Key to species of the genus Omma: 

1. Body covered with yellowish hairs, elytra concolorous. stanleyi Newman 

Body covered with black and white scales, elytra black with white ornamentation 

mastersi Macleay 

Omma stanleyi Newman 
(Fig. 6; PI. V, fig. 6) 

Omma stanleyi Newman, 1839. Ann. Nat. Hist. 3: 304. 

Omma stanleyi Peyerimhoff, 1902. Bull. Soc. ent. Fr. 1902 : 330. 

Omma stanleyi Sharp and Muir, 1912. Trans. Ent. Soc. Lond. 1912: 521, PI. 59, figs. 102, 102a 
(d genitalia). 

Dull, concolorous brownish-black to black species; head and prothorax densely 
granulated, elytra with separate granules on intervals; covered with yellowish hairs. 
Head longer than wide, eyes prominent. Prothorax with round depressions near 
anterior angles, and long transverse depression along posterior margin. Semi¬ 
circular depression along anterior margin of prosternum. Elytra about twice as 
long as wide, rounded at apex. Wing venation as in Fig. 6. 

Length 13-25 mm., width 4 5-9 mm. (widest part of elytra). 

Type locality—‘Australia’. 
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Type location—unknown. 

Specimens examined—69 (AM, CSIRO, ETS, FEW, MACL, NM, QM, QU, 
SAM). 

Distribution—Queensland: Warwick, Clermont, Gayndah, Yandilla, Dalby, 
Lawes, Rockhampton, Ipswich, Gatton, Jandowae, Toowoomba. New South Wales: 
Rope’s Creek, Muswellbrook. Penrith. Victoria: Macedon, Inglewood, Ballarat, 
Chiltern. South Australia: Nuriootpa. 

Omma mastersi Macleay 
(Fig. 8) 

Omma mastersi Macleay, 1871. Trans, ent. Soc. NSW. 2: 169. 

This species, in shape, closely resembles stanleyi, but is easily separated by white 
scales on head and elytra. 




Figs. 1-8.—Wing venation: 1. Cupes capitatns Fab. 2. Prolixocupes latreillei 
(Sol.) Rs—radial sector, M—median, B—brachial cell, O—oblong cell. 3. 
Cupes varians Lea. 4. Cupes youanga sp. nov. 5. Cupes eumano sp. nov. 6. 
Omma stanleyi Nevvm. 7. Cupes mathesonae sp. nov. 8. Omma mastersi Macl. 

(Not to scale.) 
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Integument of head and prothorax granulated, black, but partly hidden under 
scales, which are white on head and along posterior margin of prothorax, remaining 
ones being black. A pair of round depressions near anterior margin of prothorax. 

Scutellum covered with white scales. Elytra black, with white scales which form 
distinct pattern of an oblique transverse band at middle of elvtra and also cover 
costa, 2nd interval and apical 3rd of suture. Wing venation as in Fig. 8. 

Antennae, legs and ventral surface sparsely covered with white scales. 

A specimen in the Australian Museum collection labelled ‘Omma mastersi Macl. 
Gayndah, Qld.’ in Master’s handwriting, and with a red holotype label, does not 
agree with the original description, and is identified as a small specimen of Omma 
stanleyi. It is certain that this specimen has not been used for the specific descrip¬ 
tion, as it is considerably larger and lacks the typical scales. It is not known what 
happened to the actual type and why the identification label was attached to this 
specimen. At present the location of the type specimen is unknown. 

The above description of the species was prepared, and wing venation drawn, 
from a specimen in the South Australian Museum, collected at Toowoomba Q 
This specimen was compared with the original description, and found to agree in 
every detail. 

Length 7-11 mm., width 2 3-4 mm. 

Type locality—Gayndah, Q. 

Type location—(could not be located in AM). 

Specimens examined—7 (NM, QM, SAM). 

Distribution—Queensland: Gayndah, Toowoomba, Wyreema, Brisbane. New 
South Wales: Narromine. 
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Explanation of Plates 

(Photographs by the author) 

The photographs illustrating this article are stereo pairs. Structures of the specimens will 
stand out more clearly when viewed under a stereoscope. Numbers apply to each pair. 

Plate IV 

Fig. 1.— Cupes capitatus Fab. ex Curtis collection (NM). 

Fig. 2.— Cupes varians Lea ‘Victoria’ (NM). 

Fig. 3.— Prolixocupes latereillci (Sol.) ex Curtis collection (NM). 

Plate V 

Fig. 4 —Cupes youanga sp. nov. Paratype, Sydney, N.S.W. (NM). 

Fig. 5.— Cupes mathesonae sp. nov. Paratype, Pascoe Vale, Vic. (NM). 

Fig. 6 .—Omma stanleyi Newman, ‘Queensland’ (NM). 
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PHYTOLITHS IN SOME AUSTRALIAN DUSTS 
Bv George Baker, DSc 
[R ead 9 July 1959] 

Abstract 

Phytoliths are important, if not abundant, constituents of dust in Australia. The common 
varieties are opal-phytoliths, but calcite-phytoliths and quartz-phytoliths have also been detected 
The ubiquitous opal-phytoliths are often needle-like rods and hooks of microscopic size. They 
are derived from plants, soils, and the faeces of herbivorous animals, having been initially 
precipitated in plants from silica in solution. The shapes of many opal-phytoliths, their small 
size, and relatively low specific gravity, favour them becoming airborne. Thus, they are avail¬ 
able in small quantities to be drawn into the human system, and to enter the moving parts of 
vehicles where they can cause wear, especially under very dusty conditions. 

Introduction 

Following the discovery that most of the small opaline bodies with varying 
shapes in Victorian soils are principally opal-phytoliths (Baker 1959a, b, c), samples 
of dusts from widely separated localities E. of 130° longitude in E. Australia were 
examined under a petrological microscope primarily to determine their contents of 
opal-phytoliths (‘plant opal’) and any other types of phytoliths that might be 
present. As a result of this examination calcite-phytoliths and quartz-phytoliths were 
detected for the first time in either dusts or soils. 

Dust accumulated inside a building over a period of 11 years was also found to 
contain opal-phytoliths. 

This study of dusts serves to indicate the extensive areal distribution of opal- 
phytoliths in the E. half of Australia. Opal-phytoliths are not onlv common in the 
soils and hence in the plants which generated them, but are also' important com¬ 
ponents of both field and indoor dusts. 

During the 1939-45 war. 16 samples of dusts from 12 widely separated localities 
in the E. half of Australia were examined by the author for the Research Branch 
Engineering Section, Army Department, Commonwealth of Australia. The results 
of mineralogical determinations and particle counts showing grain size distribution 
in each dust were incorporated in Report T.I. 729A, M.G.O. Branch—Design Es¬ 
tablishment, Army Department. Opaline bodies then detected were recorded as 
‘spicules’. Re-examination of the original slide mounts reveals that these spicules of 
opaline silica (Si0 2 .nH 2 0) are actually opal phytoliths (‘plant opal’) that were 
initially secreted as inorganic precipitates within plants. Other bodies of opaline 
silica are few in number, diatom frustules and silicisponge spicules being rare. 

Sampling and Location of Dusts 

The dusts were sampled by the Army Department in specially designed collectors 
during tests conducted in areas (see Fig. 1) where considerable quantities of dust 
were likely to enter the drivers’ cabins, air-intake systems, wheel bearings, etc. of 
mechanized vehicles. The localities where dust samples were obtained are’- Ouyen 
in the Mallee, N. Victoria; Bourke, New South Wales; Canberra, Australian Capi¬ 
tal Territory; Mt. Isa, Winton, Charleville, Number 6A Bore—all in Queensland- 
Alice Springs. Barrow’s Creek, Mataranka, Darwin, Adelaide R.—all in the Nor¬ 
thern Territory. 

One dust sample was taken at most localities, 3 separate samples were taken at 
Alice Springs, and 3 at Adelaide R. All were collected on moist filter papers mounted 
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Fig. 1.—Sketch map of Australia showing locations where dust samples 

were obtained. 

in sampling devices placed in one, sometimes in all three of the following positions: 
(a) inside the cabin, (b) under the bonnet or elsewhere under or upon the vehicle, 
and (c) on the edge of the track followed by the vehicles of a moving convoy. The 
convoy followed a circuit so planned as to take advantage of wind directions favour¬ 
able to the movement of stirred-up dust relative to the positions of the collectors. 
Collectors (a) and (b) were placed in the rearmost vehicle of each convoy, this 
vehicle being generally obliterated from view by a dense pall of dust during the 
tests at most localities. 

The dusts are of local derivation in each area, none was contaminated by dust 
particles carried from distant sources in the vehicles employed for the tests. It 
remains undetermined, however, whether a proportion was carried in to each area 
prior to the tests by natural agencies such as air currents concerned in soil erosion, 
or herbivorous animals that discharge considerable quantities of opal-phytoliths in 
their faeces. Any carried in by other vehicles are likely to be negligible. 

The quantities of dust obtained on the filter papers were small in each test, but 
sufficient was recovered to make one microscope mount of each. Consequently, none 
was left for immersion tests in refractive index liquids. Permanent mounts were 
made in Canada balsam for grain-size counts and mineral-particle determinations. 
Owing to the fine particle size (mostly under 0 20 mm., with the greater proportion 
between 0 005 mm. and 0T5 mm.), each mount of the dusts contained approxi¬ 
mately 15,000 particles. One or two mounts contained less because of coarser par¬ 
ticle size and smaller initial quantities collected on the filter papers. A few contained 
20.000 particles or more. These figures were estimated from the total number of 
particles counted in two typical fields of view, multiplied by half the total number of 
fields of view in the entire mount, magnifications of 360X being employed. 

In addition to opal being present as phytoliths, diatoms and silicisponge spicules, 
a few fragments of opal are independent detrital or authigenic grains derived from 
soils. 
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Mineral Particles 

The mineral particles of the dusts are largely angular in outline. All are of 
detrital origin, sensu stricto, even though some were evidently authigenic to the soils 
from which the dusts were derived. 

Quartz, the principal mineral constituent in the dusts, reaches maximum abun¬ 
dance in the three size fractions: 0 05 mm., 0 10 mm. and 0T5 mm. 

Other minerals present are: calcite; flakes of biotite and muscovite; fresh and 
partially altered cleavage fragments of felspar; crystals of zircon; grains of limonite, 
hematite, leucoxene, hornblende and tourmaline. Of lesser frequency are garnet, 
gypsum, apatite, augite. spinel, rutile, epidote, sphene, topaz, actinolite, black opaque 
iron oxides and undetermined clay minerals. 

The hornblende appears in only a few dust samples, gypsum in even fewer, and 
the minerals listed as being of less frequent occurrence are sometimes absent from 
several of the dusts. Calcite is common to some dusts, rare in others, or occasionally 
absent. It occurs as granular aggregates and lenticular forms (flat rhombohedra 
with rounded outlines) in dusts from Bourke, Canberra, Ouyen, Alice Springs and 
Mataranka. Evidently its origin was largely authigenic in the topsoils from which 
the artificially stirred-up dusts were derived. Some granular aggregates of calcite 
have the same external forms as some of the opal-phytoliths, and, as such, can only 
have been developed in plants in a manner similar to that of opal-phytoliths, hence 
they are calcite-phytoliths (‘plant calcite’). Comparable shapes in gypsum and 
apatite have not been observed in these dusts, although searched for. 

Many of the mineral particles and some of the opal-phytoliths (e.g. Fig. 10, 
no. 33) are partially coated with limonite and/or hematite* more particularly in 
dusts from parts of Queensland and the Northern Territory. The striking red, pink 
and brown colours of these dusts are attributed to the frequency of these coatings 
on grains and to independent particles of earthy iron hydroxide. 

The detrital mineral assemblages of the dusts from Bourke and Canberra are 
generally similar, but the dust from Bourke has rather fewer opal-phytoliths. 

Organic Particles 

Particles of organic matter are ubiquitous in the dusts. They consist of the more 
resistant fragments of plant tissues and fibres, and a few pollen grains and micro¬ 
spores. The smaller plant fragments, 0 01 mm. and under in size, are usually more 
common than detrital mineral fragments of similar dimensions, but larger plant 
fragments are less frequent than detrital mineral grains in the coarser size fractions 
(over 0 01 mm.). A few of the plant fragments still contain opal-phytoliths in situ. 

Occasional fragments of insect remains were also observed. 

Opal-phytoliths 

The opal-phytoliths in the dusts are detrital. Originally released into soils as 
discrete bodies of various shapes (see Figs. 2 to 11) on destruction of the plants 
in which they were secreted, they became included in the dusts by winnowing-out 
from the surface of dry, loose topsoils as a result of turbulence created by convoys 
of moving vehicles used in sampling tests. They have the dimensions and specific 
gravity (approx. 2T5) to become airborne on agitation by air currents. 

1. Proportions in individual Field Dusts 

Particle counts of the dusts were conducted to determine the proportions of 
phytoliths, diatoms and silicisponge spicules. Detrital mineral particles and organic 
particles were grouped together for the purposes of the particle counts. Calcite- 
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phytoliths were too few and occurred in only one or two of the dusts, hence they 
do not enter into the particle counts; quartz-phytoliths were even rarer. The rela¬ 
tive softness of calcite and its chemical instability under certain soil conditions, 
render it less susceptible to survival than opal-phytoliths. It has been rarely observed 
as phytoliths in plants. As a component of dusts, it does not merit serious considera¬ 
tion in relation to the problem of wear of moving parts of vehicles. 

The proportions of particles revealed by the counts are listed in lable 1. 


Table 1 


Proportions of opaline silica bodies in some Australian dusts 
(Percentages by particle count) 


No. 

Locality 

Opal- 

phytoliths 

% 

! 

Diatoms 

% 

Silici¬ 

sponge 

spicules 

% 

Detrital 
minerals 
and organic 
matter 

% 

1. 

Ouyen, Vic. . 

0-3 

pr. 

n.o. 

99-7 

2. 

Alice Springs, N.T. 

0-3 

pr. 

n.o. 

99-7 

3. 

Alice Springs, N.T. 

0-4 

pr. 

n.o. 

99-6 

4. 

Alice Springs, N.T. 

1-2 

01 

n.o. 

98-7 

5. 

Barrow’s Creek, N.T. 

1-9 

01 

n.o. 

980 

6. 

Mataranka, N.T. 

0-6 

pr. 

pr. 

99-4 

7. 

Darwin,' N.T. 

0-7 

pr. 

n.o. 

99-3 

8. 

Adelaide R., N.T. . 

2-5 

01 

pr. 

97-4 

9. 

Adelaide R., N.T. . 

2-6 

01 

pr. 

97-3 

10. 

Adelaide R., N.T. 

2-8 

01 

pr. 

97-1 

11. 

Mt. Isa, Q . 

1-5 

pr. 

n.o. 

98-5 

12. 

Number 6A Bore, Q . 

1-9 

0-2 

pr. 

97-9 

13. 

Winton, Q . 

1-2 

pr. 

pr. 

98-8 

14. 

Canberra, A.C.T. 

10 

pr. 

n.o. 

990 

15. 

Charleville, Q. 

0-5 

01 

n.o. 

99-4 

16. 


0-7 

pr. 

n.o. 

99-3 


Key— n.o. = not observed in the slide mounts. . 

pr. = observed in slide mounts but not encountered in equally spaced micrometn c 
traverses. 

The positions of the dust collectors placed (a) within or upon the rearmost 
vehicle in moving convoys, or (b) near the testing circuit tracks at the various 
localities listed in Table 1 were as follows: 

Nos. 1 and 4—inside the driver’s cabin; 

Nos. 12 and 16—on top of the cabin roof; 

Nos. 2, 5 and 7—under the engine cover; 

Nos. 3, 6, 8, 9, 11 and 13—2 ft. above the ground and 3 yds. from the testing circuit 
track’; on the down-wind side of the moving convoys; 

No. 14—below the radiator; 

No. 15—under the chassis; 

No. 10—on top of the tool-box in an M.G.K. machine-gun carrier. 

Table 1 shows there are greater quantities of opal-phytoliths than opaline frus- 
tules of diatoms and opaline silicisponge spicules in all of the dusts. The increase 
of diatoms from Number 6A Bore is a reflection of proximity to bore water. 

Among the dusts collected in 3 different positions for tests conducted at Alice 
Springs (Table 1, Nos. 2. 3 and 4), it is notable that the greatest percentage of 
opal-phvtoliths was collected in the driver’s cabin (Table 1, No. 4). Particle size 
studies revealed that this dust also contained coarser particles than those collected 
from (a) the side of the track on the down-wind side of the moving convoy and 
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(b) under the engine cover. Thus, coarser and more abundant opal-phytoliths, many 
of which are minute rods and needle-like, were carried into the driver’s cabin. 

The shapes of many of the opal-phytoliths and their relatively low specific 
gravity are conducive to stream-lining in air currents of the requisite strength. 
Their greater frequency in the driver’s cabin is probably due to more complicated 
turbulence of dust-laden air currents, since the rearmost vehicle carrying the dust 
collectors had to pass through already turbulent dust-laden air stirred up by all 
other vehicles in the convoy. 

The greatest percentages of opal-phytoliths occur in the dusts sampled at 
Adelaide R. The variety of shape types is illustrated bv Figs. 5 to 8. Evidently 
the vegetation in this area has greater phytolith-generating propensities than in 
other areas where dust was sampled (cf. Table 1). The poorest assemblage for 
numbers and variety of shape types of opal-phvtoliths is in the dust from Ouyen 
(Fig. 2, nos. 1 to 11). 

2. Shapes and Sizes in Field Dusts 

Opal-phytoliths in the dusts are best observed under a petrological microscope 
at magnifications of 505X and 755X, with the high-power condenser inserted and 
the illumination suitably reduced by means of the upper and lower diaphragms of 



Fig. 2.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 

Nos. 1 to 11—from Ouyen, N. Vic. (Table 1, No. 1), in dust from a collector 
placed inside the driver’s cabin of the rearmost vehicle in a moving convoy. 

Nos. 12 to 32—from Alice Springs, N.T. (Table 1, No. 2), in dust from a 
collector placed under the engine cover of the rearmost vehicle in a mov¬ 
ing convoy. 

Nos. 33 to 56—from Alice Springs, N.T. (Table 1, No. 3), in dust from a 
collector placed 2 ft. above the ground and 3 yds. from the testing circuit 
track, on the down-wind side of a moving convoy of vehicles. 

(Each scale division represents 0 010 mm.) 
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the sub-stage condenser system. Under these conditions, opal-phytoliths in Canada 
balsam permanent mounts are brought into contrast with other constituents of the 
dusts, since the refractive index of opal is well below that of the mounting medium, 
the quartz, and most plant fragment tissues. 

The shapes and sizes of opal-phytoliths in the dusts (Figs. 2-11) are comparable 
with those in the silt- and sand-size fractions (0 005 mm. to 0 050 mm. grades) of 
soils (Baker 1959a, b); most of those illustrated have been observed also in various 
parts of living plants. Some large rod-shaped opal-phytoliths in soils less subjected 
to wind erosion, however, are not so much affected by attrition as some in the dusts, 
where several larger forms were fractured on becoming airborne during turbulent 
airflow. This may have occurred naturally or partly during the tests. Whichever 
the cause, it is likely that some of the better preserved larger opal-phytoliths were 
recently shed into soils from plants, because they are not coated with thin films of 
iron hydroxide like some fragments fractured from apparently earlier released opaU 
phytoliths, and since they reveal no evidence of corrosion in the soils. 

The effects of fracturing have an important bearing upon the dust problem, 
because a greater number of smaller and more angular particles of a sharp-edged 
abrasive substance with a relative hardness of 5 5 to 6 5 are thereby created. Some 
can then be drawn into the human system by inhalation, others come into contact 
with moving metal surfaces of the vehicles, and with fragments of even harder, 
sometimes angular more abundant particles of quartz, they assist in undue wear of 
bearings, cylinders, etc. 

Some of the smallest of the opal-phytoliths also become fractured, as evidenced 
by the more obvious examples such as isolated bulbous ends, 10-15 ju. long, of dumb- 
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Fig. 3.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 

Nos. 1 to 79—from Alice Springs, N.T. (Table 1, No. 4), in dust from a 
collector placed inside the driver’s cabin of the rearmost vehicle in a 
moving convoy. 

Nos. 80 to 115—from Barrow’s Creek, N.T. (Table 1, No. 5), in dust from 
a collector placed under the engine cover of the rearmost vehicle in a 
moving convoy. 

(Each scale division represents 0 010 mm.) 
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bell-shaped forms. The original forms were dumbbells 20-25 n long, and these be¬ 
came broken across slender waist regions which usually measure only 2-3 /* in thick¬ 
ness. Such types are well represented in the dust from Alice Springs. 

The phytolith assemblages of these dusts from only a few feet above the ground, 
show a greater variety of shape types and a greater proportion of larger forms than 
those which become airborne and carried to higher levels, ultimately to be pre¬ 
cipitated with rain and snow (cf. Baker 1959a, pp. 79-81). 

Rod-shaped Opal-phytoliths 

The most common opal-phytoliths in the dusts are rod-shaped forms like those 
observed in soils. They vary from narrow forms 0 020 mm. long and 0 003 mm. 
wide in the Alice Springs dust (Fig. 3, no. 79), through broken forms 0 040 mm. 
long and 0 015 mm. wide in the Darwin dust, to more stumpy, complete rods 
0 060 mm. long and 0 030 mm. wide (Fig. 10, no. 10) to 0 170 mm. long and 
0 050 mm. wide (Fig. 7, no. 4). 

Occasional needle-like rods are 0 250 mm. long and 0 008 mm. wide in dust 
from Winton (Fig. 10, no. 1). Others are thicker and measure 0 220 mm. by 
0 030 mm. as in one of the Adelaide R. dust samples. One large rod 0 275 mm. 
long and 0 030 mm. wide in dust from Mt. Isa, has smooth, more or less parallel 
longer edges; a more slender rod 0 340 mm. by 0 020 mm. in dust from Adelaide 
R. has serrated longer edges. 

Many rod-shaped forms with smooth edges generally have relatively straight, 
parallel sides (cf. Fig. 9, no. 1; Fig. 5, no. 8), but a few are curved (Fig. 5, no. 27) 
and sometimes tapered (Fig. 3, no. 4). The rods can be differentiated readily from 





Fig. 4.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 

Nos. 1 to 43—from Mataranka, N.T. (Table 1, No. 6), in dust from a col¬ 
lector placed 2 ft. above the ground and 3 yds. from the testing circuit 
track, on the down-wind side of a moving convoy of vehicles. 

Nos. 44 to 98—from Darwin, N.T. (Table 1, No. 7), in dust from a collector 
placed under the engine cover of the rearmost vehicle in a moving convoy. 

(Each scale division represents 0 010 mm.) 
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silicisponge spicules because they are solid rods of opaline silica and lack the narrow 
axial canal so typical of many sponge spicules. No means has been found, however, 
to distinguish with certainty between broken sponge spicules and the silicified plant 
hairs with narrow central cavities; such forms are normally rare in dusts and soils. 

Other types of rods have usually one, sometimes both of their longer edges 
embayed and crenulated (Fig. 3, nos. 1, 7, 80 and 81; Fig. 4, nos. 1 and 44; Fig. 
11, no. 42). Others are sharply serrated (Fig. 2, no. 4; Fig. 3, no. 14; Fig. 4, no. 4; 
Fig. 5, nos. 6, 21, 24 and 31; Fig. 7, nos. 8, 52 and 55; Fig. 8, no. 6; Fig. 10, no. 30; 
and Fig. 11, nos. 12, 13 and 29). Some rods are spinose (Fig. 2, no. 18; Fig. 3, 
no. 93; Fig. 4, no. 56; Fig. 5, no. 5; Fig. 6, no. 67; Fig. 7, nos. 25-7 ; Fig. 8, no. 
16; Fig. 9, no. 39; and Fig. 11, no. 43). A few resemble long wedges, they become 
flatter and thinner in one plane towards one end. One or two reveal knob-like out¬ 
growths (Fig. 8, no. 5). 

Only a small number of the embayed, crenulated, serrated and spinose rods 
show evidence of chemical corrosion (e.g. Fig. 2, nos. 33 and 34; Fig. 7, no. 29). 
The varied shapes and structures of the rods are thus largely attributable to primary 
development as such within certain types of plant cells of which they form complete 
and partial internal casts. All types of rods have now been observed in situ in 
various plant hosts, as well as in soils and dusts. Some of the rods are internal casts 
of cells with scalariform structure (e.g. Fig. 3, nos. 13 and 14; Fig. 5, no. 6; Fig. 6, 
no. 4; Fig. 7, no. 55; and Fig. 8, nos. 8 and 9). 

Rod-like forms usually occur as separate entities in the dusts, as in soils, but 
a number are sometimes attached to thin plates of opal in dusts from Mt. Isa (Fig. 
9, no. 10) and Winton (Fig. 10, no. 3). Minute, slender rods up to 20 in number 
and averaging 0 003 mm. long and 0-00015 mm. wide, accompanied by a few minute 



Fig. 5. —Sketches of outline shapes of opal-phytoliths in some Australian dusts. 
Nos. 1 to 51—from Adelaide R., N.T. (Table 1, No. 8), in dust from a col¬ 
lector placed 2 ft. above the ground and 3 yds. from the testing circuit 
track, on the down-wind side of a moving convoy of vehicles. 

(Each scale division represents 0 010 mm.) 
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dumbbell-shaped opal-phytoliths embedded in plant fragments approximately 015 
mm. long, occur in dust from Winton (Fig. 10, no. 2). In the same sample, a 
narrow curved rod with crenulate edges and measuring 0 040 mm. long and 
0 003 mm. wide (Fig. 10, no. 4) occurs in a plant fragment 0 065 mm. long. In 
the centre of one piece of plant fibre in this dust is a narrow opal-phytolith rod 
0 25 mm. long (Fig. 10, no. 1) ; another resembling it occurs in dust from Adelaide 
R. (Fig. 5, no. 4). Plant fragments in dust from Charleville sometimes contain 
opal-phytolith rods with crenulated edges, sometimes ‘chunky’ forms (e.g. Fig. 11, 
nos. 45 and 47) large enough to nearly fill the lumen of some plant cells. Others 
contain a mixture of irregular opal-phytoliths of nondescript shape, and ragged 
needle-like rods up to 0 -100 mm. long. Elongated plant fibre fragments in dust from 
Adelaide R. contain up to 2 dozen opal-phytoliths; most are rods averaging 0 007 
mm. long and 0 002 mm. wide, a few are dumbbell-shaped forms 0 005 mm. long. 
One plant fragment in dust from Adelaide R., consisting of an assemblage of par¬ 
tially silicified cells, was packed with opal-phytoliths, one to each cell. 

Plant fragments with opal-phytoliths are more common in dusts from the 
northern parts of Australia, especially those from Adelaide R., Mt. Isa and Winton. 
They are also more frequent than hitherto observed in Victorian soils (cf. Baker 
1959a, b). 


Hook-, Spine- and Hair-like Opal-phytoliths 
Some of the more slender, tapering forms (e.g. Fig. 3, no. 4) evidently repre¬ 
sent opalized plant hairs. Other types are hook-like (Fig. 2, no. 44; Fig. 3, nos. 9, 
39 and 91; Fig. 4, nos. 3, 59 and 69; Fig. 5, nos. 25 and 41; Fig. 6, no. 43; Fig. 7, 
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Fig. 6.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 
Nos. 1 to 62—from Adelaide R., N.T. (Table 1, No. 8), continuation of Fig. 

5, nos. 1 to 51, but showing the smaller shape types. 

Nos. 63 to 81—from Adelaide R., N.T. (Table 1, No. 9), in dust from a col¬ 
lector placed 2 ft. above the ground and 3 yds. from the testing circuit 
track, on the down-wind side of a moving convoy of vehicles. 

(Each scale division represents 0-010 mm.) 
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Fig. 7.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 

Nos. 1 to 70—from Adelaide R., N.T. (Table 1, No. 9), continuation of Fig. 

6, nos. 63 to 81. 

(Each scale division represents 0 010 mm.) 

nos. 1 and 30; Fig. 8, no. 34; Fig. 9, nos. 2, 15, 17. 18 and 48; Fig. 10, nos. 6 and 
18; and Fig. 11, nos. 8, 9, 14 and 55). Occasional forms are spine-like (Fig. 4, 
no. 24; Fig. 6, nos 24 and 40; Fig. 7, no. 47; Fig. 8, nos. 29 and 33; Fig. 9, no. 42; 
and Fig. 11, nos. 15 and 44). Most of these types are undoubtedly from grasses 
and allied plants. They are commonly observed protruding from the epidermal 
cells of several living grasses and cereals, especially species that are harsh to the 
touch. One example (Fig. 11. no. 28) reveals a small needle-like tip of isotropic 
opal 0 015 mm. long and up to 0 003 mm. wide, set in anisotropic cellulose. One 
fragment of plant fibre in dust from Adelaide R. revealed small opalized hooks 
0 007 mm. long, in addition to several minute rod-like forms arranged as in Fig. 
7, no. 19. 


Dumbbell-shaped Opal-phytoliths 

Dumbbell-shaped opal-phytoliths are next in abundance to rod-like forms in 
many of the dusts. They are well represented at Alice Springs (Fig. 3, nos. 25-32 
and 46-54), Barrow’s Creek (Fig. 3, nos. 102-7), Mataranka (Fig. 4, nos. 57-8 
and 87) and Adelaide R. (Fig. 5, nos. 1, 45-7; Fig. 6, nos. 7-19, 35, 38, 65 and 
77; Fig. 7, nos. 12, 15, 46, 50, 62 and 67; and Fig. 8, nos. 18 and 38-57). They are 
less frequent in the other dusts and rare in the Mt. Isa, Charleville and Ouyen 
samples. The best arrays of dumbbell-shaped types occur in the Alice Springs and 
Adelaide R. dusts, and like many other small forms of opal-phytoliths, their out¬ 
lines are often as well preserved as those in situ in plants. In fact, several are still 
linked together in pairs (Fig. 5, no. 47) or threes (Fig. 9, no. 45) in the dusts, 
sometimes isolated from plant tissue, sometimes still embedded in plant fragments. 
Others are linked end-to-end in rows of 8 individuals held in place by thin plates 
of opal representing cell-wall-linings, as in dust from Adelaide R. (Fig. 5, no. 1). 
A remarkable feature of connected dumbbell-shaped opal-phytoliths is the manner 
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in which 3 different types of dumbbells in one particular row, regularly alternate. 
The example illustrated in Fig. 5, no. 1, reveals an alternation thus: 

1 -2-3-2-1 -2-3-2 

so that every 2nd form (2) is a dumbbell with a slightly thicker waist, while every 
4th form (1) is a dumbbell with a more slender waist or (3) a dumbbell-like form 
with an additional swelling on one or both sides of the waist region. One plant 
fragment in dust from Adelaide R. revealed 16 dumbbell-shaped opal-phytoliths 
each 0 025 mm. long and 0 006 mm. wide. These occurred in strings of 4 in strands 
of plant fibre alternating with phytolith-free strands. 

The small spots shown in some sketches of dumbbell-shaped opal-phytoliths 
(e.g. Fig. 2, nos. 22, 32 and 49; Fig. 3, nos. 30, 50, 102, 103 and 107; and in other 
figures) represent areas of attachment to other dumbbell-shaped forms or to cell 
walls that became internally lined with thin films of opal. These points of attach¬ 
ment are sometimes slightly broader flatter areas, sometimes minute pustule-like 
excrescences. 

The smallest dumbbell-shaped forms in these dusts are only 0 005 mm. long 
(e.g. as in the Adelaide R. sample). Some dumbbells have evidently united by 
‘fusion’ to produce multi-bulbous types (Fig. 5, no. 40). Others have a zig-zig 
appearance due to unequal growth in different directions (e.g. Fig. 2, no. 20, etc.). 

An important feature of dumbbell-shaped forms is that the dumbbell-shaped 
outlines are only seen in plan aspects. Where possible to observe and measure in 
side aspects, they are generally plate-like to hourglass-shaped and only 0 005 mm. 
thick in forms that range up to 0 030 mm. long. Occasional dumbbell-shaped forms 
show complete but sometimes rather vague dumbbell-shaped outlines in plan aspect 
and variations in thickness are evident from refractive index effects. The result is 
that outlines are ghost-like in places but better defined where the opal is thicker 
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Fig. 8.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 
Nos. 1 to 68—from Adelaide R., N.T. (Table 1, No. 10), in dust from a col¬ 
lector placed on top of the tool-box in an M.G.K. machine-gun carrier. 
(Each scale division represents 0-010 mm.) 
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(e.g. as in Fig. 6, nos. 65 and 77). The poorly defined edges of such forms are 
under 1 /i thick. Other dumbbells are attached as single individuals to a thin plate 
of opaline silica that is evidently part of a cell-wall-lining (Fig. 7, no. 50). 

The two bulbous ends of dumbbells are not always equally developed (e.g. 
Fig. 3, no. 29). The waist regions of some dumbbells are narrow and slender (Fig. 
3, no. 97), others are much thicker and shorter (Fig. 3, no. 25). The distal regions 
of the bulbous ends are also variable in outline, some being smoothly curved (Fig. 
3, no. 30), some flat, angular and occasionally notched (Fig. 4, no. 33), others 
rounded and notched (Fig. 3, no. 28) or completely different from one another 
(Fig. 3, no. 46). Other minor variations are shown in Figs. 2 to 11. 

Complex Opal-phytoliths 

A complex group of opal-phytoliths in which some of the outlines resemble those 
of clover leaves (Fig. 6, no. 63) is approximately 0130 mm. long and 0 080 mm. 
wide. The phytoliths average 0 015 mm. across and are 3-lobed, 4-lobed and 5-Iobed 
in plan aspect. They are plate-like, being only 0 003 mm. thick. By means of a 
minute point of attachment on each lobe of each phytolith, they are connected to 
a larger plate of opal which itself represents partially replaced cell-wall structures, 
parts of which are brought into focus at various depths by racking down the nose- 
piece of the microscope. This connecting plate of opal is therefore not merely a 
piece of cell-wall-lining, but represents portion of cell-wall structures replaced by 
opaline silica. 



Fig. 9.—Sketches of outline shapes of opat-phytoliths in some Australian dusts. 

Nos. 1 to 36—from Mt. Isa, Q. (Table 1, No. 11), in dust from a collector 
placed 2 ft. above the ground and 3 yds. from the testing circuit track, on 
the down-wind side of a moving convoy of vehicles. 

Nos. 37 to 60—from Number 6A Bore, Q. (Table 1, No. 12), in dust from a 
collector placed on top of the cabin roof of the rearmost vehicle in a 
moving convoy. 

(Each scale division represents 0 010 mm.) 
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Berry-, Ball- and Barrel-like Opal-phytoliths 

Berry-shaped and ball-like opal-phytoliths are not common in the dusts. A few 
occur in dusts from Alice Springs (Fig. 3, nos. 69 and 70), Adelaide R. (Fig. 6, 
nos. 34 and 70; Fig. 7. nos. 17 and 45; and Fig. 8, nos. 14 and 15), and Number 
6A Bore (Fig. 9, no. 46). In the other dusts only one or two such forms have been 
detected, in some dusts none at all. Tiny round isotropic bodies down to 0 001 mm. 
in diameter occur in dust from Winton and less commonly in some of the other 
dusts. The smallest forms are possibly Cocci, but some of the larger forms up to 
0 005 mm. across appear to have the sculptural elements typical of the much larger 
round opal-phytoliths. Barrel-shaped forms are rare; one example is illustrated from 
the Canberra dust (Fig. 11, no. 20), and one from Bourke (Fig. 11, no. 49). 

Wedge-like and Lunate Opal-phytoliths 

Rare wedge-like forms that are thicker and shorter than the wedge-like rod¬ 
shaped opal-phytoliths occur in dusts from Bourke (Fig. 11, no. 45), Mataranka 
(Fig. 4, no. 20) and Adelaide R. Some resemble the forms figured by Parry and 
Smithson (1958, p. 1550) from the bulliform cells of grasses. Lunate forms are 
rather uncommon, e.g. in dust from Number 6A Bore (Fig. 9, no. 43). They re¬ 
present partial cell-wall-linings of cells with rounded ends. 


Hat- and Boat-shaped Opal-phytoliths 

Hat-shaped opal-phytoliths occur in small numbers and are invariably of small 
size in several of the dusts, e.g. from Alice Springs (Fig. 3, no. 16), Barrow’s Creek 
(Fig. 3, no. 115) and Adelaide R. (Fig. 6, nos. 56 and 57; Fig. 7, no. 36; and Fig. 
8, nos. 62 and 67). 
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Fig. 10.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 
Nos. 1 to 53—from Winton, Q. (Table 1, No. 13), in dust from a collector 
placed 2 ft. above the ground and 3 yds. from the testing circuit track, 
on the down-wind side of a moving convoy of vehicles. 

(Each scale division represents 0-010 mm.) 
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Boat-shaped opal-phytoliths of several types (e.g. Fig. 6, nos. 62, 78, 79 and 81; 
Fig. 7, nos. 35, 37 and 43; Fig. 8, nos. 64-6 and 68) are also infrequent in occur¬ 
rence, being rather less common than the hat-shaped forms. 

Other Shapes of Opal-phvtoliths 

Hatchet-shaped (Fig. 5, no. 38), knucklebone-shaped (Fig. 10, no. 5), spindle- 
shaped (Fig. 9, no. 19, and Fig. 4, no. 43), club-like (Fig. 6, no. 1) and dish-like 
(Fig. 3, no. 76) examples of opal-phytoliths are uncommon. Oval-shaped forms 
(Fig. 4, no. 22) occur in small numbers in several, nondescript shapes (Figs. 2 to 
11) are abundant in the majority of the dusts. 

Twelve small opal-phytoliths measuring 0 006 mm. by 0 008 mm., and each 
with the shape shown in Fig. 10, no. 43, occur in a plant fragment measuring 0 07 
mm. by 0 06 mm. in dust from Winton. 

‘Chunky’ forms are common in some (e.g. Alice Springs and Adelaide R.), lens¬ 
shaped, spearhead-shaped, pear-shaped and flask-shaped forms are represented by 
one or two examples of each in a few of the dusts. 

Cell-wall-linings 

Thin, plate-like forms with peripheral ridges (Fig. 4, no. 54) are cell-wall- 
linings of opaline silica representing partial internal casts of plant cells. The peri¬ 
pheral ridges are parts of the wall-linings normal to the plates carrying them, and 
sometimes show thickening along the angles of cell-wall junctions. Occasional ‘angle- 
pieces’ of opal are portions of this type of internal cast, and have broken away from 



Fig. 11.—Sketches of outline shapes of opal-phytoliths in some Australian dusts. 

Nos. 1 to 28—from Canberra, A.C.T. (Table 1, No. 14), in dust from a col¬ 
lector placed below the radiator of the rearmost vehicle in a moving convoy. 

Nos. 29 to 39—from Charleville, Q. (Table 1, No. IS), in dust from a col¬ 
lector placed under the chassis of the rearmost vehicle in a moving convoy. 

Nos. 40 to 56—from Bourke, N.S.W. (Table 1, No. 16), in dust from a col¬ 
lector placed on top of the cabin roof of the rearmost vehicle in a moving 
convoy. 

(Each scale division represents 0 010 mm.l 
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the thinner films of opal that lined the internal surfaces of cell walls. Examples of 
this type have been detected in dust from Adelaide R. Thin plates with irregular 
outlines (Fig. 2, no. 16, and Fig. 7, no. 11) were broken away from thin films 
lining the internal walls of cells having flat inner surfaces. They sometimes possess 
thickened areas resembling irregular, low ridges. Other plates of opaline silica reveal 
distinct patterns of the cell-wall structures (e.g. Fig. 6, no. 66). These are some¬ 
times quite complex. 

Replacement Types of Opal-phytoliths 

Cuticle replacements that preserve the anticlinal structures of the outer epi¬ 
dermal cells of such plants as the grasses (cf. Baker 1959a, pp. 73, 75, 76; b, pp. 
91, 94; c) are represented by occasional fragments in some dusts (e.g. Fig. 3, 
no. 11, and Fig. 9, no. 4). They provide support for the theory that the process of 
silicification in living plants is not merely an infilling of the lumen of cells by plant 
opal, but that minor amounts of replacement of cuticular structures and cell-wall 
structures can take place while plants are still alive, thus indicating that partial 
auto-silicification by a plant is possible. This occurs mainly during late stages of 
growth (cf. Baker 1959c). 

3. Variability of the Opal 

Apart from the many shape variations and a small range in size of the opal- 
phytoliths (features that are largely controlled by the variations in shape and size 
of plant cells), the opal constituting the different varieties of shapes is itself liable 
to vary slightly, even within one and the same opal-phytolith. Varying Becke Line 
effects indicate small variations in the refractive index of the opal and reveal a 
layered structure in some types, more especially hook-like and spine-like varieties 
that partially protrude from the outer epidermal cells of some types of grasses and 
allied plants. These minor variations in refractive index from place to place in an 
opal-phytolith, reflect a small variability in the water content of the opal. 

Colour variations are evident among the opal-phytoliths in the dusts; some 
have already been noted for examples examined from soils (Baker 1959a, p. 69). 
Variation in colour, however, has not yet been detected for opal-phytoliths still 
embedded in living plants. Whereas a bulk concentrate of opal-phytoliths prepared 
by plant digestion is usually pure white in colour, individual opal-phytoliths exam¬ 
ined under the microscope from dusts and soils, show a range from colourless 
(usually with a very faint pinkish tinge), through grey and brown to almost opaque 
black. Colourless varieties are in the majority and are transparent like the hyalite 
variety of opal. Some are translucent to sub-translucent and show milky opalescence 
(e.g. that shown by Fig. 8, no. 5) of varying degrees of intensity, ranging from 
a faint milkiness to almost opaque greyish-white. Pale brown, yellowish-brown, 
mauve-brown and greyish-brown to opaque black opal-phytoliths are much fewer 
in number. 

One rod-shaped opal-phytolith in dust from Adelaide R. revealed an opaque 
brownish-black core surrounded by a translucent colourless zone followed by an 
outer transparent zone with a pale pinkish tint. Darker coloured opal-phytoliths 
are sometimes black in both transmitted and reflected light, but those that have 
pale brown colours in transmitted light are usually light grey to white in reflected 
light. As revealed from an inspection of Figs. 2 to 11, opal-phytoliths of many and 
varied shapes can be dark coloured to opaque. 

Among the dark coloured opal-phytoliths illustrated in Figs. 2 to 11, the only 
examples with external discolorations are those shown by Fig. 9, nos. 10 and 35, 
and Fig. 10, no. 33. The discolorations are due to thin coatings of iron-bearing 
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minerals such as limonite, secondarily deposited on the phytoliths after release intq 
the soils. Thin coats of secondary calcium carbonate have also been detected on q 
few opal-phytoliths in dust from Ouyen, but these have little effect upon colour. 
Only a few opal-phytoliths are black throughout (e.g. Fig. 2, no. 12; Fig. 4, nos, 
61, 84 and 88; Fig. 6, no. 67; Fig. 7, no. 53; Fig. 8, nos. 24 and 26; Fig. 9, no. 60; 
Fig. 10, no. 51; and Fig. 11, no. 2). In most opaque forms, only central region^ 
are opaque greyish-white, opaque brownish or opaque black, their outer zones bein^ 
usually colourless and sub-translucent to transparent, although the outer zones of 
a few are sometimes mauve-brown. 

The substances responsible for colouring opal-phytoliths have not been resolveq 
under the highest magnifications of the polarizing microscope. Some ‘milky’ 
examples in dust from Alice Springs have two or three minute gas bubbles approxh 
mately 0 0005 mm. in diameter. A spearhead-shaped form in dust from Wintoh 
(Fig. 10, no. 21) has several bubbles of similar size. This is unusual for phytoliths 
generally, but the presence of detectable bubbles of measurable size may indicate 
that the milky appearance of some opal-phytoliths could be due to numerous 
bubbles of sub-microscopic dimensions. 

The full significance of the coloured opal-phytoliths has not yet been determine^. 
They represent the solid end products of siliceous precipitates from solutions taken 
up by plants from soils. Before attaining the solid amorphous state, they evidently 
pass through a gel phase. Since silica gel is noted for its absorptive capacity of trace 
elements, opal-phytoliths are to be suspected as the principal sites of trace element 
excess accumulations in plants. 

Variations in the degree of corrosion of opal-phytoliths in the dusts are not 
easily detected. Most examples are in a similar state of preservation as those in 
living plants, and were evidently shed from their hosts only recently. Some, how¬ 
ever, have been fractured and some broken into fragments. A small number is of 
greater antiquity because some opal-phytoliths show minute etch pits that impart 
a roughened appearance to their surfaces (e.g. Fig. 2, no. 33; Fig. 3, nos. 3 and 
113; Fig. 4, no. 47; and Fig. 10, no. 18). 

4. Occurrence in Indoor Dust 

Opal-phytoliths in the smaller size range can become airborne for long periods 
just as readily as some of the other fine-grained particles of all sorts of matter in 
dusts. This is proved by their occurrence under field conditions, e.g. as in ‘red raiti’ 
and ‘red snow’ residues (Baker 1959a, pp. 79-81). They may remain suspended for 
much shorter periods in artificially created dusts such as those under discussion. 
It then becomes pertinent to the question to determine whether they also occur in 
indoor dusts. With this in mind, a dark grey to nearly black coloured dust that 
accumulated over a period of 11 years on top of a fuse-box in a laboratory office room 
having two S.-facing windows surmounted with narrow wire-mesh covered air 
vents, was examined in clove oil (n = 1-53) mounts. A count of 2,500 dust par¬ 
ticles under a petrological research microscope at magnifications of 505 X, revealed 
approximately 0 5% of opal-phytoliths. The majority were colourless and a few 
were ‘milky’ to opaque brownish in colour. 

The range of shape types is: 

(i) Slender rods averaging 0 05 mm. long and 0 005 mm. wide and up to a maximum 
of 0T00 mm. long and 0 010 mm. wide; some have straight relatively smooth 
longer edges, others have crenulated, spinose or serrated edges. 

(ii) Various types of dumbbells similar to many in the field dusts (Figs. 2 to 11) ; 
their range in length is from 0 025 mm. down to 0 006 mm. 
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(iii) Hat-shaped forms 0 025 mm. long. 

(iv) Boat-shaped forms 0 025 mm. long. 

(v) Heart-shaped forms 0 025 mm. long. 

(vi) Flask-shaped forms 0-030 mm. long, some of which could be original dumbbell¬ 
shaped forms broken across slender waist regions. 

(vii) Spearhead-shaped forms 0-025 mm. to 0-030 mm. long. 

(viii) Small, rectangular tabular forms 0 04 mm. long and approximately 0-003 mm. 
to 0-005 mm. thick. 

(ix) Small hook-like forms 0-020 mm. across, derived from the outer epidermal cells 
of plants that secrete such forms. 

(x) Oval-shaped forms 0-030 mm. long and 0-020 mm. wide. 

(xi) Round, berry-like forms 0-020 mm. across. 

(xii) Nondescript forms 0-025 mm. across. 

(xiii) Angular fragments 0-020 mm. to 0-025 mm. across, broken by attrition from larger 
opal-phytoliths. 

Among the many other constituents in this dust are: 

(a) Soot particles with irregular tear-shaped and spherular forms; these are non¬ 
magnetic and consist principally of carbon. 

Fibres of cloth, etc. 

Fragments of lignin and cellulose. 

Occasional diatom frustules. 

One silicisponge spicule fragment (showing axial canal). 

Black magnetic bodies of spherular shape, sometimes largely metallic, often glassy 
and then referred to as ‘slag-bombs’ or ‘smoke-bombs’. They are derived as fly-ash 
from the smoke-stacks of railway engines, steamships and factories; all are ap¬ 
proximately 0-020 mm. in diameter. 

Irregular rusty magnetic particles of steel and iron, 0-020 mm. in size and under. 
Pollen grains. 

Bacteria (Bacilli and Cocci). 

A number of mineral fragments including angular quartz, small broken prisms of 
tourmaline, small grains of limonite, rare minute crystals of calcite, prismatic 
fracture fragments of augite, and several other undetermined fragments; these 
are mainly 0-025 mm. in size 

Angular fragments of the finest grades of carborundum powder used for grinding 
and dressing mineral and rock surfaces in the preparation room of the laboratory. 
Occasional chitinous fragments, etc., of insect remains. 

Quartz-phytoliths 

A dumbbell-shaped particle of quartz 0 030 mm. long in dust from Adelaide R. 
is regarded as a phytolith. Its shape and size are commensurate with those of opal- 
phytoliths, and it is the most suggestive among several quartz particles that appear 
to have affinities with phytoliths. Although not yet observed by the author in living 
plants nor in plant fragments in dusts, crystalline silica with n = over 15 has been 
reported in timbers (Amos 1952). Hence, quartz-phytoliths must occur in plants. 
They are most likely to occur in plants of considerable longevity, such as trees. 
None has been observed in shorter-lived plants such as the grasses, many specimens 
of which have been investigated for their phytolith contents, and w'hich are known 
to secrete numerous solid opaline bodies (as phytoliths) within the compass of one 
season’s growth. It has not been determined whether quartz-phytoliths are precipi¬ 
tated directly as such within a plant, or whether they result from dehydration of 
the amorphous silica (constituting the opal-phytoliths) with the passage of time, 
either in the plant host or later after shedding into the soil, for examples have been 
observed only in dusts or soils. No transition phases have been detected that would 
indicate the transformation of opaline silica (amorphous) to chalcedony (crypto¬ 
crystalline plus amorphous silica). Once released into soils (or dusts) the chances of 
recognizing particles of chalcedony as of phytolithic origin are remote, unless their 
shapes are preserved, and chalcedony-phytoliths have not yet been found in plants. 
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Calcite-phytoliths 

In dust from Mataranka, a few rod-shaped forms with crenulated edges antf 
others with serrated edges (cf. Fig. 2, no. 4; Fig. 3, nos. 6 and 94; and Fig. 7, nq. 
9) are the same size and shape as some opal-phytoliths, but they consist of micrcu 
granular aggregates of calcite. Calcite-phytoliths with these shapes have yet to b e 
detected in situ in Australian plants. Although CaCOa is well known as a constituent 
of the cystoliths of Ficus macrophylla, it does not have the shapes of the rods ip 
the Mataranka dust, where they are more like the shapes of those generated a s 
opal-phytoliths in grasses. The existence of ‘plant calcite’ being already establishes 
calcite-phytoliths are to be expected, but their chance of survival in soils after release 
from plants is not likely to equal that of opal-phytoliths unless special conditions 
prevail. 

Of interest to the question of the existence of other types of calcite-phytoliths 
than those already observed, is the occurrence in dust from Bourke of ‘seed’ calcife 
grains which are approximately the same size as seed gypsum grains. They are flat, 
obtuse rhombohedra with rounded solid angles, and it is not yet certain whether 
they are authigenic to the topsoil from which the dust was derived, or whether th^y 
also are calcite-phytoliths. Unlike opal-phytoliths, none of this particular type h^s 
been observed embedded in plant fragments constituting part of the dusts, and 
likely plant hosts from this area have not been examined for their phytolith contents. 
One ‘seed’ calcite grain was attached to an opal-phytolith, but there is no conclusive 
evidence to prove whether cementation together occurred in a plant or in the soil. 

Conclusions 

The occurrence of phytoliths in small but nevertheless significant quantities in 
all of the dusts collected from several widely spaced localities in the E. half of 
Australia, indicates the extensive nature of their distribution. In fact, taken in 
conjunction with their recorded occurrence from a number of other environments 
(Baker 1959a, b, c), one comes to realize that even if other types of phytoliths 
are relatively rare, the opal-phytoliths are ubiquitous in nature. They are widespread 
throughout the regolith portion of the lithosphere, and occur in lesser quantities in 
the lower layers of the atmosphere and in parts of the hydrosphere. They are now 
known to occur in varying abundance in (i) a number of Victorian soils (Baker 
1959a. b) ; (ii) low-level dusts such as those discussed herein; (iii) higher-level 
dusts as evidenced by their occurrence in ‘red rain’ and ‘red snow’ residues (Baker 
1959a) collected at various times in Victoria since the turn of the last century; 
(iv) tap-water (Baker 1959a), and hence are to be expected in reservoirs, dams, 
streams and lakes; (v) many varieties of indigenous and introduced plants in Vic¬ 
toria; (vi) the faeces of herbivorous animals; and (vii) indoor dusts. Fossil 
examples (Baker 1959c) have been observed in such sediments as diatomaceous 
earth, diatomaceous silty clay, calcareous-kaolinitic clay and carbonaceous clay of 
various ages in the Tertiary and Quaternary periods in Victoria. Opal-phytoliths 
are known from present-day soils and living plants in other parts of the world and 
hence have wide lateral distribution. The fossil examples prove that they are also 
of some considerable antiquity and that the process of phytolith-generation has been 
going on for several millions of years. 

In the several environments where they have been investigated in some detail, 
particle counts reveal that opal-phytoliths constitute an average of 09% of soils 
(17 Victorian soils examined), 1*2% of artificially generated dusts (12 Australian 
field dusts examined), and 0 7% of naturally generated higher altitude dusts that 
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were ultimately precipitated as ‘red rain’ or ‘red snow’ (4 Victorian ‘red rain’ 
residues and ‘red snow’ residues examined). Their proportions in indoor dust 
(0*5% — for one example only) are a little below those of higher altitude dusts. The 
ranges in the proportions by count are 0 06% to 2 6% for soils, and 0 3% to 
2 8% for artificially generated dusts. 

Under certain circumstances, dusts can therefore contain a significant propor¬ 
tion of sharp, needle-like, hook-like and granular bodies of opal. These are relatively 
hard and not easily soluble normally. Moreover, they are of microscopic dimensions. 
They can be drawn into the human system by inhalation of dust. Others are swal¬ 
lowed in small quantities with drinking water and with certain plant foods. The 
majority of those swallowed probably pass through the system and are discharged 
with the faeces. The rate of intake by humans, however, is relatively insignificant 
compared with the rate of intake by herbivorous animals. Sheep, cattle, horses, 
rabbits and Australian native species must ingest thousands of tons of opal-phyto- 
liths per annum, and return the majority to the soil via their faeces. Many more 
thousands of tons of silica in solution, in the gel state and already precipitated as 
opal-phytoliths, lie temporarily locked up above ground in the aerial portions of 
plants. 

Because of their nature and abundance, the opal-phytoliths are also significant 
in being a possible means whereby trace elements may be fixed. 

The biochemical and biophysical processes that control the precipitation of 
amorphous silica (‘plant opal’) in various plant cells, and mould them into the 
numerous shape types, have yet to be elaborated. The shape and size of opal- 
phytoliths that completely fill the lumen of plant cells are determined by the limits 
of the internal walls of the cells. The characteristics of cell-wall-linings are also 
determined by cell shape, and their incompleteness is evidently a consequence of 
paucity in supply of inorganic matter from place to place in the plant structures 
where such substances are normally precipitated. The shape of opaline replacements 
of cuticle in grasses and allied plants is largely controlled and determined by the 
anticlinal nature of the outer walls of the epidermal cells. 

1 he fact that complex groups of plant cells, sometimes including even stomatal 
cell structures, are preserved in detail by opaline silica in such plants as Avena 
sativa and species of Poa, indicates that actual replacement of cell walls can occur 
in addition to the more normal filling in of the lumen of cells to form internal casts 
of plant cells. The physical and chemical controls determining the generation of 
opal-phytoliths that only partially infill the lumen of plant cells, are not yet clearly 
revealed. The formation of small opal-phytoliths with dumbbell shapes that are 
regular in plan aspect, but plate-like and hourglass-like in side aspect, calls for an 
ordered type of deposition of amorphous silica under strictly controlled conditions, 
especially when remarkable alternations such as those evident from Fig. 5, no. 1, 
are taken into account. 

The minor development of calcite-phytoliths compared with the ubiquitous opal- 
phytoliths, indicates either limited generation by lime-loving plants, or enforced 
precipitation of calcium carbonate in other plants growing on lime-rich soils. The 
general processes of precipitation and growth of calcite-phytoliths to conform with 
the internal shapes of plant cells, are likely to be comparable with the processes 
producing opal-phytoliths. 

The presence of small numbers of birefringent (crystalline) silica phytoliths 
compared with the great abundance of isotropic (amorphous) silica phytoliths in 
the wood of trees, and the fact that birefringent silica has not been observed in 
grasses, reeds, sedges, etc., could explain the shortage of quartz-phytoliths in dusts 
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and soils generally. Furthermore, quartz-phytoliths are not likely to be readily 
recognized in soils among the abundant quartz grains of different origin. It also 
suggests that the time factor may be important in determining whether quartz- 
phytoliths can be precipitated as such in plants of greater longevity, or whether 
they were only formed by gradual dehydration of amorphous silica precipitated 
initially as opal-phytoliths' In grasses and allied shorter-lived plants, the cycle of 
processes involving the absorption of silica-bearing solutions and the ultimate pre¬ 
cipitation of opal-phytoliths from a gel phase, is completed within the compass of 
one season’s growth. Because quartz-phytoliths do not appear in such plants, the 
indication is that crystalline silica is not precipitated as such within their cells. In 
trees that live for some hundreds of years, however, dehydration of amorphous 
silica with the passage of time, appears a more likely explanation for the occurrence 
in them of the much less frequent quartz-phytolitbs. The reported occurrence of 
crystalline silica in timbers (Amos 1952) lends support to this hypothesis, and 
shows that the process does not have to be explained as an event subsequent to the 
release of opal-phytoliths into soils. The evidence accrued so far, favours the idea 
that silica secreted by all types of plants with siliceous phytolith-generating propen¬ 
sities, is precipitated initially as opal. This accounts for its ubiquity. 
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A NEW PLIOCENE STRUTHIOLARIID (GASTEROPODA) 
FROM FLINDERS ISLAND, TASMANIA 

By J. Marwick 

[Communicated by E. D. Gill, 9 July 1959] 

Abstract 

Tylospira (Singletonaria) gilli sp. nov. is described, and the classification of the family 
Struthiolariidae discussed. 

Description 

The fine shell selected as holotype of the species here described was sent by 
Mr. E. D. Gill to the New Zealand Geological Survey for examination early in 
1957. As it was then the only known specimen, the writer was uncertain as to the 
taxonomic value of the unusual combination of characters shown. Four additional 
specimens, collected by Mr. R. W. T. Wilkins in March 1958, comprise an adult, 
two adolescents, and a spire fragment, all adding useful information on the species. 
The writer is indebted to Mr. E. D. Gill and to Dr. C. A. Fleming for the oppor¬ 
tunity of studying these interesting fossils. 

Family Struthiolariidae Fischer 1884 
Genus Tylospira Harris 1897 

Type species: Buccinum scutulatum Martyn, Recent, New South Wales. 

Subgenus Singletonaria Marwick 1952 

Type species: Struthiolaria lirata Tate, Pliocene, Victoria. 

Tylospira (Singletonaria) gilli sp. nov. 

(Fig. la, b) 

Shell of moderate size, broadly oval, whorls convex; body-whorl beaked ab- 
apically. Protoconch scaphelloid, nucleus large, irregular. Sculpture of numerous 



Fig. 1 .—Tylospira (Singletonaria) gilli sp. nov. Pliocene, Flinders I., Tasmania. 
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spiral cords, no axials. Aperture pyriform, channelled adapically, broadly sinused 
abapically. Outer lip only slightly sinuous, thickened in adult and growing forward 
with a smooth surface, showing low, irregular growth-ridges for about one-eighth 
whorl. Apertural callus rising adapically on penultimate whorl and expanding 
parietally to form broad, well-defined pad, and again basally, opposite concave 
columella. 

Holotype (P17870) and 4 paratypes (P17652-5) in National Museum of Vic¬ 
toria, Melbourne. 

Collectors. Holotype, G. M. Dimmock; paratypes, R. W. T. Wilkins. 

Locality. Lime quarry at foot of The Dutchman, Flinders I., Tasmania. 

Age. Pliocene (probably epi-Kalimnan). 


Classification 


The new species seems to be more closely related to Singletonaria than to any 
other Struthiolariid, but the best way to express this relationship in generic classi¬ 
fication is open to question, and involves a consideration of the whole family. The 
family Struthiolariidae comprises 8 named genera and subgenera that have been 
differently ranked and grouped by different writers. Four of these taxa are founded 
on living species, but are known also as fossils. Conchothyra occurs only in the 
Upper Cretaceous, Perissodonta in the Upper Cretaceous and Cainozoic, and the 
rest of the taxa in the Cainozoic. 

The anatomy of the living species has been placed on an exceptionally sound 
footing by J. E. Morton (1950, 1951, 1956a, b) so that the inter-relationships of 
Struthiolaria, Pelicaria, Perissodonta, and Tylospira are relatively well known. The 
chief difficulty now' is to reach some uniformity in generic-subgeneric ranking. This 
is, of course, a universal problem, but it is none the less real in the Struthiolariidae 
because the family is a small one. 

Morton (1956a, p. 523) showed that the South Georgia-Kerguelen Perisso¬ 
donta is more widely separated anatomically from the New Zealand Struthiolaria 
and Pelicaria, also from the Australian Tylospira, than these are from each other, 
and he suggested the following classification: 


Genus 


Struthiolaria 


Perissodonta 


Subgenus 

Struthiolaria 

Pelicaria 

Tylospira 

Callusaria 

Singletonaria 


Morton drew attention to primitive anatomical characters in Perissodonta, and to 
these may be added the equally primitive conchological character, a strongly para- 
sigmoid outer lip, such as possessed by the ancient genera Conchothyra and 
Monalaria. 

Conchologically, Tylospira also stands out from Struthiolaria because of its 
peculiar kind of adult growth. This has been briefly referred to earlier (Harris 
1897, p. 223; Marwick 1924, p. 166) but seems worth further study. There is a 
great difference ..in the disposition of the apertural callus of Tylospira scutulata 
compared with that of Struthiolaria. When the Struthiolaria shell reaches adult 
size, an important change takes place in the apertural margin. Previously relatively 
thin, it now becomes strongly reinforced. This is effected by the outer-lip being 
sharply reflexed, and Mhe: convex margin so formed receiving layers of callus until 
it becomes thick and strong. This apertural callus extends adapically well above 
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the line of suture to form a thick pad that restricts the adapical end of the aperture 
to a narrow channel. Parietally the callus is thinner, but on the base it forms an¬ 
other thick pad and extends down the concave columella forming a strong beak. 
That the reinforcement adds greatly to the strength of the shell is well shown by 
the common use by the ancient Maori of detached Struthiolaria apertures as ring 
ornaments. 

In the New Zealand Upper Miocene-Recent Pelicaria, the apertural callus de¬ 
velops in much the same way as in Struthiolaria, but in the Oligocene-Pliocene 
Callusaria, it is greatly exaggerated, especially in the type species, callosa Marwick. 
Basically, however, the pattern remains the same in all three groups. 

In Tylospira, on the other hand, when the shell is about half-grown, the outer- 
lip is slightly reflexed and a moderate coating of callus is deposited on the convex 
edge. As in Struthiolaria. the callus extends adapically, parietally, and basally, but 
it remains thin all over the inner lip so formed. The shell then continues to grow 
by increments of the glazed callus on the edge of the outer-lip and the end of the 
columella. Owing to some change in the part of the mantle that produces the sur¬ 
face sculpture, well-defined spiral cords and axial shoulder tubercles are no longer 
formed, weak spiral cords and cingula and low irregular, sinuous growth-ridges 
taking their place. In T. scutulata this kind of growth goes on for about two whorls. 

Weathered examples of Tylospira coronata show a glazed, finely grained, outer 
layer to the callus, much of it about 02 mm. thick, under which is a dull layer 
showing sharply defined growth-ridges and only vague spirals. This layer forms a 
normal, abutting suture with the corresponding layer of the preceding whorl; but 
the outer, glazed layer covers this suture completely and ascends half-way up 
the preceding whorl. This gives the impression that the under-layer grows forward 
in the usual way, and then much of the body is smeared over with callus. But 
growth-lines on the callus along the outer margin of the lip indicate that the 
secreting part of the mantle does not extend past this outer margin on to the 
external surface of the body for more than 2 or 3 mm. Precise details of the manner 
of growth are hard to envisage from the shell alone and observations of the actual 
animal during growth would obviously be of great interest. 

This kind of growth, which may conveniently be termed tylospirid, occurs to 
different extents in all Australian Struthiolariids except Singletonaria lirata. A 
modification of it is shown by Conchothyra which, however, has a much thicker 
callus, the inner lip finally burying the spire and, as originally noted by Hutton,, 
producing in C. parasitica an almost planorbid condition. Further, Conchothyra 
does not seem to have had the highly glazed surface with obsolete spirals. 

None of the New Zealand Tertiary groups, comprising over 40 named species 
and subspecies, developed the tylospirid habit of growth. It is true that in some 
heavily callused specimens of Callusaria the outer-lip did grow forward as much as 
one-sixteenth whorl; but the inner-lip is equally thick, so that only a gerontic re¬ 
striction of the aperture resulted. The absence of true tylospirid growth from any 
Struthiolaria , Pelicaria, or Callusaria, therefore, suggests that the Australian and 
New Zealand Struthiolariids have been separated for a considerable part, perhaps 
most, of the Tertiary. The history of the family throughout the Tertiary is com¬ 
paratively well known for New Zealand but not for Australia. This is probably 
due rather to want of suitable pre-Upper Miocene facies in the known Australian 
record than to Upper Miocene invasion. 

To grant tylospirid growth generic importance as a taxonomic character and 
then to class the new species showing such growth along with Singletonaria lirata 
in which it is not known seems inconsistent. However, gilli agrees so closely with 
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lirata in shape, sculpture, protoconch, and restrained outer-lip sinuses that the two 
species must be closely related. Even the denticles on the outer-lip of T. lirata , that 
formerly impressed the writer as being important, are but the impress of the spiral 
sculpture. In that it represents an increase in the deposit of the apertural callus, 
the relationship of gilli to lirata parallels that of Callusaria to Struthiolaria, and 
from this viewpoint a subgenus for gilli may be justified. Nevertheless the restraint 
advocated by Morton (1956a, p. 523) in the proposal of monospecific generic names 
is to be borne in mind. Callusaria is established as a well-defined lineage separated 
from Struthiolaria at least since the Oligocene {S. otaioica Laws), lasting until the 
Pliocene, and having 10 named species and subspecies. Until more is known about 
the pre-Pliocene ancestors of lirata and gilli no great harm will result in the two 
being classed under Singletonaria. 

The writer proposed Singletonaria, originally, as a full genus because of ‘un¬ 
certainty as to its nearest relatives’, but this uncertainty is now to a certain extent 
lessened. The denticles on the outer-lip seemed at that time to be a unique character, 
but further study shows that, indeed, they are connected with the tylospirid habit, 
being a subdued expression of the spiral cords resulting from the change to this 
manner of growth. They can be seen, though very faintly, on the outer-lip of adoles¬ 
cent Tylospira scutulata, thus supplying a significant connecting link quite consistent 
with the geographic situation. 


The following classification of the family is proposed: 

Genus Subgenus 

Conchothyra (Up. Cret., N.Z.) 

Perissodonta (Up. Cret.-Eo.. N.Z.; 

Olig.-Plio., Patagonia and Gra- 
hamland; Rec., Kerguelen and S. 

Georgia) 

Monalaria (Eo., N.Z.) 

f Struthiolaria (Mid. Olig.-Rec., N.Z.) 
Struthiolaria (Olig.-Rec., N.Z.) -I Callusaria (Up. Olig.-Plio., N.Z.) 

I Pelicaria (Up. Mio.-Rec., N.Z.) 

| Tylospira (Up. Mio.-Plio., Vic., Tas., 
Tylospira (Mio.-Rec., SE. Australia j S.A.; Rec., N.S.W.) 

[Singletonaria (Plio., Vic. and Tas.) 
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SOME STRUCTURAL FEATURES IN THE BARRABOOL HILLS 

By Alan Coulson 
[Read 9 July 1959] 

Introduction 

The Barrabool Hills, near Geelong, consist of arkose, felspathic mudstone, grits 
and conglomerates. The age of these lacustrine sediments, long regarded as Jurassic, 
has lately (Cookson and Dettmann 1958) been referred to the Lower Cretaceous. 

The N. and S. limits of the Barrabool Hills are defined by two pairs of step- 
faults running approximately E.-W. The N. pair, the Barrabool and Newtown 
Faults, reveal vertical displacements of more than 230 ft. to the N., approximately 
along the course, of the Barwon R.; the S. pair at Waurn Ponds have throws of 
only 30 ft., and are expressed as monodinal folds in the overlying Tertiary lime¬ 
stone. 

These and other structures are discussed in the following order: 

the Barrabool Fault and associated ‘Newtown’ Fault, 
the Highton ‘Warp’. 

the Waurn Ponds ‘Monoclines’ and faults, 

the Moolap Graben, 

the S. cliffs of Corio Bay, 

the overlap at Gnarwarre and Modewarre, 

N. limit of the Lower Cretaceous sediments. 

The Barrabool Fault 

The W. end of this fault begins at Pollocksford, where the Lower Cretaceous 
beds on the S. bank of the Barwon R. have dips up to 55° N., whereas the general 
dip over most of the area is 8° NE. Some rocks here show evidence of slickensides. 
From Pollocksford the fault can be traced to George’s Hill near Ceres Bridge (Fig. 
2) ; the upthrow side shows rounded spurs at Lower Cretaceous rising to 600 ft., 
while the downthrow side is a basalt plain at 100 ft. altitude on the N. side of the 
river. 

The only outcrop of Lower Cretaceous N. of the river is a small area in the 
river bend E. of Sugarloaf Hill. In this, the dip is 10° S., supporting the idea that 
the river marks the fault line. 

At George’s Hill, Ceres, the vertical displacement of the Tertiary (Janjukian) 
limestone provides evidence of the fault. Flanking the diabase (epidiorite) ridge of 
George’s Hill at 400 ft., and forming a small plateau extending E. to Merawarp 
Road, this limestone is at a much higher level than the Batesfordian limestone N. of 
the river. Uncertainty still exists as to whether the Batesfordian is a facies variation 
of the Balcombian, or Janjukian. However, the upper beds at Fyansford and Bates- 
ford are Balcombian, and occur at levels up to 170 ft. Thus if Janjukian does under¬ 
lie them, it must be at least 230 ft. below the George’s Hill outcrop. 

These facts also furnish some evidence of the age of the Barrabool Fault. Since 
no Balcombian is found on the S. upthrow side, while a considerable thickness of 
it occurs in the Fyansford-Batesford valley underlain by Batesfordian and probably 
Janjukian limestone, the uplift probably occurred at the close of the Janjukian 
sedimentation. 
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Newtown Fault 
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The E. half of the Barrabool Fault appears to be stepped S.-wards about 1 m., 
relative to the W. half, so that the two parts of the fault are ‘en echelon’ (cf. Fig. 1). 
It is provisionally called the Newtown Fault, as its most significant geological effect 
is seen on the two sides of Queen’s Park Road, Newtown. On the N. side of this 
road is the typical Fyansford Hill sequence: from river level to 170 ft. is BaL 
combian clay, overlain by 3-in. layer of phosphatic nodules, 10-15 ft. of Lower 
Pliocene sands, capped by 15-20 ft. of Newer Basalt. On the S. side of the same 
road the rock is Lower Cretaceous sandstone and mudstone. No actual contact of 
Tertiary and Mesozoic can be observed here, but their juxtaposition can only be 
due to a fault. 

At the river bend which may be called ‘Conglomerate Bend’ W. of Queen’s Park, 
where there is ap excellent cliff face exposing the Lower Cretaceous conglomerates, 
a small outcrop of steeply tilted Balcombian clay occurs on the river bank several 
chains to the N. of the bedded conglomerates. It is overlain in part by scree from 
the conglomerate beds, and probably does not rise more than 15 ft. above river level. 
The Newtown Fault must run between the two formations, but landslips and scree 
obscure any contact. 

Between Conglomerate Bend and Gleeson’s Hill, some recession of the fault 
scarp has occurred, due possibly to the temporary lake formed there when the 



Fig. 1.—Fault Pattern in Barrabool Hills. 







Fig. 2. —Geological Map of Barrabool Hills. 
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waters of the Barwon were dammed by a lava barrier. When this was breached, 
an alluvial flat 2 m. long and 1 m. wide was left S. and E. of Ceres Bridge. 

Highton Warp 

The provisional name of ‘Highton Warp’ is given to this structure in the NE. 
portion of the Lower Cretaceous block. Between Queen’s Park and Highton, the 
conglomerate beds and associated sandstones dip strongly to the S.; the lower beds 
at 30° and the upper beds at 15° or 10°. The general dip S. of Barrabool Road is 
8° N. or NE. Barrabool Road in Highton Valley thus marks the trough of the 
inwards-dipping beds. No actually folded beds are exposed, so it cannot be deter¬ 
mined at present whether the structure is a syncline or a fault. The term ‘Basal 
Beds Fault’ was applied to the structure (Coulson 1930), but there is no field evi¬ 
dence of faulting. 

In the Balook area in Gippsland, Edwards (1942) described a dome structure 
in the ‘Jurassic’ rocks, but apart from two small areas in the Barrabool Hills, there 
is no suggestion of doming. The two places are: (i) where Devon Road crosses 
Waurn Ponds Creek, and (ii) £ m. SW. of Ceres village. Here the directions of 
dip show a radial pattern, but the angles of dip are so slight that the features are 
probably not of tectonic significance, but due rather to the haphazard method of 
deposition (cf. Edwards and Baker 1943). 

Waurn Ponds ‘Monoclines’ and Faults 

The two monoclinal flexures in Tertiary limestone, possibly Oligocene, associated 
with dip-slip normal faults in the underlying Lower Cretaceous mudstones, are 
readily seen in a number of abandoned limestone quarries alongside the Prince’s 
Highway and off Cochrane’s Road. A line of State Electricity Commission posts, 



Fig. 3.—Locality Plan of Waurn Ponds Quarries. 
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numbered successively, facilitates reference to positions. Between the two formations 
there is usually a thin band of rolled brown pebbles of Older Basalt (Coulson 1937). 
These may have been derived from flows at Airey’s Inlet, Maude or Bellarine Pen¬ 
insula, or possibly a nearer vent now covered by Tertiary sediments. 

The ‘monoclines’ are actually asymmetrical synclines, with very steep legs on the 
S. side, abutting against Lower Cretaceous mudstone, usually with a few inches of 
puggy material between the two. A few feet away from the Tertiary limestone, the 
Lower Cretaceous beds appear to be bedded horizontally, not conforming to the 
folding of the Tertiary. 

As a result of the faulting, the junction of Lower Cretaceous and Tertiary 
appears at different levels along N.-S. traverses. It also has a downward trend to 
the E., descending from 320 ft. at Waurn Ponds West (S.E.C. Post 102) to 130 ft. 
near Waurn Ponds Bridge (S.E.C. Post 72), a drop of 190 ft. in \\ m., or 1 in 40. 

Fig. 3 shows-the positions of the localities referred to by letters in the following 
detailed descriptions: 

Al.—Tertiary polyzoal limestone dips 2° E., in bed of Waurn Ponds Creek, 
altitude 130 ft. 

A2.—Tertiary limestone in marl pit, horizontal, altitude 170 ft. 

B. — Quarries between S.E.C. posts 85 and 87. Altitude 150 ft. S. face shows 

Tertiary limestone downfolded to N. at a steep angle with vertical dis¬ 
placement of 30 ft. 

C. — Quarry W. of ‘Quarry Road’ near S.E.C. post 88. The Tertiary lime¬ 

stone is folded in an asymmetric syncline, the vertical beds being in con¬ 
tact with soft Lower Cretaceous mudstone which shows some patches 
of slickensides. Altitude of junction on quarry floor is 180 ft. 

D. — Sand pit near S.E.C. post 93. Altitude 250 ft. Upper Pliocene or Pleis¬ 

tocene grits consisting of abundant large quartz grains, occasional Ordo¬ 
vician spotted slates, quartzites, quartz pebbles and mica schists, with 
lenses of white clay. The whole formation is strongly cross-bedded and 
dips to the E. The upper beds are cemented by ferruginous matter, some 
of which contains replaced Tertiary fossils such as bryozoa and echinoid 
spines. 

E. — Quarry and old kiln at S.E.C. post 94. Tertiary limestone bedded almost 

horizontally, rests on Lower Cretaceous sediments also horizontal. Tunc- 
^ tion at 275 ft. 

F. — Gully erosion near S.E.C. post 95 reveals similar grits to those at Locality 

D. The deposit is continuous between them. The beds, strongly current- 
bedded, dip E. at angles up to 45°. 

G. — Large quarry, altitude 300 ft., near S.E.C. posts 99 and 100. The almost 

vertical S. leg of Tertiary limestone abuts against Lower Cretaceous mud¬ 
stone. The limestone has been sheared by a minor thrust fault causing a 
lateral displacement of 5 ft. or so. At the W. end of this quarry, structural 
relationships are complex. The folded Tertiary beds abut against Lower 
Cretaceous mudstone which is about 10 ft. wide, but instead of this being 
continuous into the S. bank, it is succeeded by a vertical band of concre¬ 
tionary ironstone about 1 ft. thick, and on the S. side of this are unbedded 
mottled clayey sands, similar to others in the Geelong district regarded as 
of Lower Pliocene age. Possibly the vertical bed of ironstone concretions 
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occupies a small fault; the longer axes of the ellipsoidal concretions are 
in the vertical plane. 

A flow of Newer Basalt, filling a former valley, overlies these formations 
at the W. end of the quarry. Its source was Pettavel Hill, a minor vent 
400 ft. high, whereas the Mount Duneed flows further S. are at 250 ft. 

H. — Road embankment on N. side of Colac Road, near S.E.C. post 102. Ter¬ 
tiary limestone rests horizontally on Lower Cretaceous mudstone at 320 ft., 
separated by a thin band of Older Basalt pebbles. 

J. — Waurn Ponds North. Quarry in Tertiary limestone at 200 ft. Monoclinal 

fold trending 060° Mag., lowers limestone 30 ft. to the N., with Lower 
Cretaceous on floor and S. wall. 

K. — Large quarry in Tertiary limestone on summit of scarp. Quarry face of 

30-40 ft., shows a dip of 5° SE. Lower Cretaceous mudstone at 350 ft., 
nearly horizontal. 

L. — Tertiary limestone at 250 ft., horizontal. 

Summarizing the above evidence, it is clear that two small parallel E.-W. faults 
in the Lower Cretaceous at Waurn Ponds have caused downfolding of 30 ft. in the 
overlying Tertiary limestone. There is a strong resemblance in attitude between the 
Tertiary limestone at Waurn Ponds and that at Curlewis (Coulson 1933), though 
in the latter case the underlying rock is Older Volcanic. 


Q 



Fig. 4.—Section through Waurn Ponds area from N. to S. 

The Moolap Graben 

The Tertiary (Janjukian) limestone forms a wedge, thickest in the SE. at 
Torquay, and thinning out at Waurn Ponds North and Highton. No Balcombian 
beds overlie the Janjukian at the latter places. At Highton, near St. Catherine’s 
Orphanage, there are ferruginous sands similar to the Lower Pliocene (Kalimnan) 
beds at Moorabool Viaduct, W. bank. 

This wedge of limestone dips E. at a gradient of perhaps 1 in 40, say 2°. If this 
dip persisted, the base of the Janjukian should be about 250 ft. below sea level at 
Grovedale, 2£ m. E. of Waurn Ponds. At Grovedale a very interesting private bore 
for water was put down in July 1957 on Kosseck’s vegetable farm alongside Tor¬ 
quay Road (Mil. Ref. Corio Special 412898). From a surface altitude of 50 ft. the 
bore penetrated 310 ft. Mr. A. Kosseck preserved samples from the bore, and these 
have been examined by Mr. E. D. Gill, Curator of Fossils, National Museum of 
Victoria, Melbourne, who considers the material at 310 ft. to be probably Balcom¬ 
bian. The log of the bore reads: 

Thickness Depth 


Soil . 2'6" 2'6‘ 

Sand and sandy clay, red . 20'6" 23' 

Wet sand . 4' 27' 
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Sandy clay . 17' 44' 

Grey and blue clay . 15'6" 59'6" 

Grey sandy clay with fine shells. 6" 60' 

Hard limestone and marine clay . 40' 100' 

Sandy limestone . 32' 132' 

Grey-green marine marl. 4' 136' 

Hard and soft limestone. 66' 202' 

Quartz sand. 23' 225' 

Brown sandy clay. 35' 260' 

Shelly mudstone . 18' 278' 

Green mudstone . 9" 278'9" 

Hard sandstone . 4'3" 283' 

Coarse sand with shells. 9' 292' 

Very coarse sand, witK shells . 18' SIO' 


It would appear that the base of the fossiliferous beds was not reached, although 
a lithological change occurred at 283 ft. The Janjukian beds, if present, must be 
below 310 ft. in the bore, or 260 ft. below sea level. Thus their base would be con¬ 
siderably lower than the calculated depth mentioned previously, i.e. with the base at 
250 ft. below sea level. This drop in level may be due to a fault or a fold, running 
N.-S. The former possibility was postulated (Coulson 1939) as the Torquay-East 
Geelong fault, on the W. side of the Moolap Graben or sunkland. 

That a considerable thickness of Tertiary beds does exist nearby was shown by 
the Mines Department bore at Mt. Duneed State School, which penetrated 810 ft. 
of Tertiary, mostly shelly clay and marl, before bottoming on Lower Cretaceous beds. 

The Corio Bay Area 

The W. cliffs of Corio Bay at Rippleside consist of approximately 40 ft. of Bal- 
combian clay and limestone, overlain by 10 ft. of Lower Pliocene sands. E. of these 
cliffs, near the Cunningham Pier, the Lower Pliocene forms the low cliffs, as shown 
when excavations were made for the new Harbour Trust offices. At Eastern Beach, 
the cliffs are Pleistocene limestone, underlain in places by Newer Basalt. There is 
no evidence as to the cause of this tilt to the E. Possibly it is a minor fault parallel 
to the Lovely Banks and Anakie-Rowsley faults further W., forming step faults. 
More probably it is due to the N. end of the East Geelong-Torquay fault. Fig. 1 
shows these faults. 

No outcrops of Tertiary limestone occur between the Corio Bay frontage and 
the Barwon River. The City of Geelong is built on basalt or basaltic clay, resting 
on Lower Pliocene red and grey sandy clays. However, on the S. bank of the 
Barwon there is a bold spur and curved scarp of Tertiary (Janjukian) limestone, 
over 50 ft. high, at North Belmont. This suggests the possibility of a fault along the 
straight course of the Barwon from Prince’s Bridge to Barwon Bridge. It may pro¬ 
visionally be called the Belmont Fault. 

Progressive Overlap in the Gnarwarre-Modewarre Area 

Immediately flanking the W. and S. margins of the Lower Cretaceous block are 
deposits of ferruginous grits and ironstone similar to the Lower Pliocene (Kalim- 
nan) ironstone of the Moorabool Viaduct W. bank. Further away from the Lower 
Cretaceous block, limestone of Tertiary age is intercalated between the formations, 
and is exposed in river sections at Murgheboluc and Birregurra. This overlapping 
relationship indicates that in these parts there were no fault movements. Probably 
a low saddle occurs in the Lower Cretaceous between the Barrabools and the 
Otways, and is occupied by various Tertiary beds, including brown coals. 
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Northern Limits of the Lower Cretaceous Sediments 

There are no Lower Cretaceous sediments covering the granite of the Dog 
Rocks and You Yangs, nor are there any upon the Palaeozoic rocks in the valley 
of the lower Moorabool and Sutherland’s Creek. The absence of Lower Cretaceous 
sediments N. of the Barwon R., and the presence of the heavy conglomerates be¬ 
tween Gleeson’s Hill and Queen’s Park, indicate that the shore of the lake in which 
these accumulated was along a line roughly coinciding with the course of the 
Barwon R. in this area. 

The boulders in the conglomerates range in size from 30 in. down to small 
quartz grains such as are derived from granite. Material of such size could have been 
transported only a short distance. They consist of diabase (epidiorite), granite, 
quartzite, reef quartz, homfels, mica schist and blue spotted slate. The diabase and 
granite have obviously been derived from the mass at George’s Hill and Gleeson’s 
Hill, Ceres, which would have been a land area in those times. The other meta- 
morphic rock types, except the spotted blue slate, can be matched in the SW. corner 
of the You Yangs. and no doubt an aureole of similar metamorphics once covered 
the Ceres and Dog Rocks granites. The blue spotted slate, which is fairly common, 
cannot at present be matched nearer than Sutherland’s Creek and Anakie, but 
possibly this type was also in the aureole above the Ceres or Dog Rocks granite. 

Occasional boulders of arkose, felspathic mudstone, and similar Lower Cretace¬ 
ous types are embedded in the beds. Thus they form intra-formational conglomerates. 

Redistributed pebbles of the conglomerates are found over the area from Glee¬ 
son’s Hill to Queen’s Park, and also as a sub-basaltic gravel in the flow from Queen’s 
Park through Shannon Avenue to Chilwell. They are exposed in the Shannon 
Avenue Milestone quarry, and in Windmill’s gravel pits at Chilwell near the 
gasometer. 

In the vicinity of Holy Trinity Church, Barrabool, is an extensive deposit of 
coarse clayey quartz sand, covering about 1 sq. m. and with a depth of 30 ft. as seen 
in Hopkin’s sand pit. Similar sand was formerly worked in a pit on top of a 500-ft. 
hill on Barrabool Road. This sand is obviously derived from granite, as it contains 
residual felspars, some mica, and much kaolin. It is free, however, from any of the 
metamorphic pebbles previously described; nor does it contain any diabase pebbles. 
The Barrabool Road deposit rests on Lower Cretaceous rocks. It has been mapped 
as Pliocene but could be older than this. Unfortunately, the sand at Hopkin’s pit 
does not come into contact with the Tertiary (Janjukian) limestone of George’s 
Hill and Merawarp Road. There is a creek valley between them. 


Interpretation of the Structures 

Step-faulting due to two pairs of faults mark the N. and S. limits of the Barra¬ 
bool Hills. All faults trend E.-W. and appear to be dip-slip faults. The N. pair, the 
Barrabool and Newtown Faults, caused vertical displacements of perhaps 230 ft. 
to the N.; the S. pair at Waurn Ponds had throws of only 30 ft., and are expressed 
as nionoclinal folds in the overlying Tertiary limestones. The age of these faults is 
probably post-Janjukian, pre-Balcombian. 

The E. edge of the Barrabool block appears to be marked by the Barwon R. 
between Queen’s Bridge and Prince’s Bridge, but actually extends to Shannon 
Avenue basalt quarry. The W. and SW. edges at Gnarwarre and Modewarre have 
wedging Tertiaries flanking them without evidence of disturbance. 

Jointing along N.-S. lines is common in the Lower Cretaceous blocks, but 
apparently has no significance in regard to the tectonics. 
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Later than these are the N.-S. faults viz. the Rowsley-Anakie-Gheringhap, 
Anakie-Lovely Banks, and Torquay-East Geelong (Coulson 1939) probably Upper 
Pliocene or Pleistocene in age. The two latter may be monoclinal folds in the upper 
beds. 
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ARCHAEOLOGICAL EXCAVATIONS AT FROMM’S LANDING 
ON THE LOWER MURRAY RIVER, SOUTH AUSTRALIA 

By D. J. Mulvaney 
[Read 12 November* 1959] 

Part I 

In 1841, only 5 years after the foundation of South Australia, Edward John Eyre 
was appointed resident magistrate of the Murray District, with headquarters at 
Moorunde, S. of the modem Blanchetown. Both Eyre and George Grey, the 
Governor who appointed him, were sympathetic, though not always comprehending, 
observers of aboriginal life. Eyre (1845) wrote the most detailed description now 
available of the Murray valley aborigines. With Grey’s encouragement, the artist 
George French Angas (1846) sketched a few visual impressions of the same people 
in these early years before the complete disintegration of their culture. Only the 
precipitous cliff face, blackened at intervals by the smoke of aboriginal camp fires 
and engraved at a score of localities by their artists, remains today as visible evidence 
of their prehistoric settlement. 

Eyre described a way of life admirably adjusted to the riverine environment and 
seasonal changes in food supply. It combined the hunting of land animals and 
collection of edible plants with fishing, fowling, gathering mussels and catching 
turtles and seasonally abundant crayfish. He estimated that every mile of meandering 
river between Moorunde and the mouth sustained 4 people (II: 372). The 
aborigines were housed in bark or brush shelters, hollow trees, or under ‘projecting 
or overhanging rocks’ (II: 303). The present report describes the excavation of 
such a rock shelter 30 m. downstream from Moorunde. 

The Excavation within its Historical Context 

80 years elapsed between Eyre’s administration and the first systematic attempts 
to reconstruct Murray valley prehistory. By that time the Europeanized aboriginal 
population was almost extinct, although N. B. Tindale, Anthropologist of the South 
Australian Museum (1935, and unpublished Museum records), has elicited some 
details of traditional material culture and mythology from the last full-blooded 
survivors of the Lower Murray tribes. Between 1925 and 1928 the valley between 
Blanchetown and Mannum was explored both by land and river by a group affiliated 
with the South Australian Museum. They recorded all sites where the smoke 
blackened cliffs or engraved and painted rock surfaces indicated concentrated abor¬ 
iginal occupation. These discoveries formed the nucleus of a systematic card index 
of aboriginal camping sites compiled by the Museum (Sheard 1927 a, b; 1928). 

It was on such an expedition in 1927 that rock shelters and rock engravings were 
discovered on Mr. A. M. Fromm’s farm, near the landing where river boats unloaded 
supplies prior to the cessation of river freighting about 30 years ago. A trial probing 
of the floor in one shelter ascertained that ash extended throughout the 6 ft. of 
the deposit, although no artefacts were obtained (Sheard 1927 b). This is probably 
shelter 3 of the 1951 survey described below. During this visit, the desiccated remains 
of a 2 year old child, sealed beneath a layer of possum excreta, were discovered in 
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a fissure between the cliff and a huge detached mass of limestone N. of this shelter. 
The body was wrapped in a wallaby hide and a bundle of grass, held together 
within a vegetable fibre net bag. A stone spear point was apparently placed with 
the body (Sheard et al. 1927). This artefact, specimen A20517 in the South 
Australian Museum, was not found until after the publication of the burial, at the 
time when the wrappings were removed. Tindale subsequently claimed it as a pirri 
point (Tindale 1957, p. 43). It is certainly a pointed flake, but as it possesses little 
secondary retouch, it seems unwise to assign it to a specific type or cultural phase. 

In the previous year, H. L. Sheard (1927a) had discovered a large shelter with 
rock engravings at Devon Downs 10 m. upstream from Fromm’s Landing. His 
small scale sounding in the shelter floor was followed, in 1929, by systematic 
excavation by Hale and Tindale (1930), whose excavation will remain the classic 
of Australian prehistoric research; and not only because it was the first. Nothing 
comparable was attempted anywhere in the Pacific until this decade. Although the 
methods adopted by the excavators were their own, their techniques, records and 
inferences were comparable with the best overseas practice of that time (cf. esp. 
p. 175). An index of the care taken to preserve evidence is that bulk samples of the 
deposit were retained from each level. 25 years later, shells collected from one of 
them were submitted for a radiocarbon 14 test. 

The site was stratified to a depth of 20 ft. On the basis of an analysis of 
implement types, the excavators divided the 12 strata into 4 distinct cultural phases. 
The validity of their ‘cultures’ will be critically examined later in this report; it 
suffices here to indicate that the most recent cultural period, represented by layers I 
to IV, was termed Murundian, after the local sub-tribal name of the modem 
aborigines. Layers V to VII contained bones pointed at both ends; the aboriginal 
name for these, muduk, was adopted as a cultural term. This Mudukian culture was 
preceded in layers VIII to X by characteristic leaf-shaped uniface stone points, for 
which the name pirri was adopted from Horne and Aiston (1924, pp. 90-108). (In 
1953 shell fragments from Pirrian level IX gave a C14 age estimation of 4250 ± 180 
years [Science 1956, 124: 164]). Although the 2 lowest strata (XI-XII) contained 
no artefacts of diagnostic value, they were assigned to a pre-Pirrian culture 
(pp. 203-6). It was evident from the character of the stone and bone artefacts in 
the sequence that there was a marked degeneration in production techniques in 
Murundian times. At all levels, the fauna was represented by living species. However, 
Sarcophilus (Tasmanian Devil), an animal today restricted to Tasmania, was present 
below layer V. In level X, tortoise (Chelodina cf. expansa), a species at that time 
recorded only in N. Australia, was identified. An analysis of molluscan remains led 
the excavators to claim that climatic changes, resulting in increased aridity, had 
occurred during the occupation of the shelter (pp. 211-15). 

The Devon Downs excavation was opportune. Current authoritative opinion 
doubted claims of great antiquity for aboriginal prehistory; it was common doctrine 
that the nature of the stone utilized determined the implement type and that there¬ 
fore cultural differentiation was an erroneous concept; there was a widespread belief 
that stratified sites did not exist and, in any case, excavation could provide no 
information which was not deducible from the analysis of surface collections. These 
assumptions have been criticized by the writer (1957, pp. 32-8). Hale and Tindale 
demonstrated that aboriginal prehistory was of some antiquity; that a stratified site 
did exist and that systematic excavation could produce varied material traces of the 
aborigines; that, as time passed, different implement types were manufactured from 
identical raw material on the same site. Unfortunately few drew these obvious con¬ 
clusions and others still had reservations (Mulvaney 1957, p. 35). 27 years later, 
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except for some smaller-scale and less conclusive excavations in a few localities, 
Devon Downs remained the sole yardstick to measure the prehistoric cultural 
sequence of the continent. (See esp. Tindale and Mountford 1936, McCarthy 1948, 
Macintosh 1950-1, McCarthy and Setzler 1950.) The excavation of stratified sites 
in many areas is a pressing need before the knowledge of Australian prehistory can 
be advanced. The Lower Murray valley is a crucial area in which to further the study, 
because any site excavated there is sufficiently close to Devon Downs to test the 
general validity for the area of its cultural sequence. 



The writer is indebted to Mr. C. P. Mountford, one of the original discoverers of 
the Fromm’s Landing rock shelters, for drawing his attention to their archaeological 
potentialities. The Landing area lies on the W. bank of the Murray R. on Section 302, 
Hundred of Ridley, County of Sturt, and is just over 10 m. by river S. of Devon 
Downs (Fig. 1). In 1952, Mountford led a party of students from St. Mark’s 
College, University of Adelaide, which surveyed the vicinity. They increased to 6 
the recorded number of rock shelters situated at the foot of the cliff, at intervals 
over a distance of 600 yds. The numbering of the shelters used in their published 
surveyed plan has been retained in this report. The depth of deposit immediately 
outside 3 of the shelters was determined with the use of a soil auger. At shelter 2, 
2 bores reached depths of over 14 ft. and the cores contained considerable quantities 
of ash. A small trench was dug in shelter 6 to a depth of about 5 ft., but the only 
significant discovery was the burial of a baby wrapped in a kangaroo skin (Price 
1952). 

Early in 1955 Mr. Mountford visited the University of Melbourne and at that 
time raised with the writer the possibility of conducting systematic excavations at 
Fromm’s Landing. In May of that year, accompanied by Mr. Mountford, the writer 
and two other members of the Department of History, J. L. O’Brien and R. F. 
Ericksen, visited the site. It was immediately apparent that shelter 2 offered the 
best possibilities for excavation. The 1952 survey had demonstrated that there was 
a depth of deposit, there were no indications that it had suffered any disturbance, 
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a level platform extended from the rear of the shelter to an average of 10 ft. outside 
it, numerous engravings were visible along the foot of the cliff race above the shelter 
and there was the possibility that more would be uncovered on the interior wall, 
the site was so extensive that any excavation would still leave most of the site 
available for future archaeological work. Preparations were therefore begun for the 
excavation of a section in shelter 2 during the University summer vacation of 1956. 

The Site 

When visited during summer, the environment immediately suggests comparison 
with the Nile Valley. Beyond the Murray valley the hinterland is marginal wheat 
growing country with an annual rainfall of from 8 to 13 in. Except where erosion 
has exposed outcrops, a thin film of red earth liberally mixed with limestone frag¬ 
ments covers the limestone bedrock. From the horizon to the cliff edge only clumps 
of olive green mallee scrub relieve the impression of aridity and heat conveyed by 
the sparse brown grass and the red stoney ground. The river valley appears to 
belong to another latitude. Vegetation is green; branches of red gums (Eucalyptus 
camaldulensis ) brush the top of the 100 ft. high Miocene cliffs; willows and peppers 
(Schinus molle), introduced little more than half a century ago, thrive in profusion 
and in time will replace the natural flora (PI. VI, fig. 1). 

The shelters, with an E. aspect, provided admirable protection for the aborigines. 
At least in the summer, their chief advantage would be the shade they offered from 
the morning sun whose rays were reflected by the cliff; after noon the shadow 
lengthened outwards from the cliff. Across a wide and shallow lagoon is the river 
channel, almost 100 yds. wide and, in places, over 40 ft. deep. Dead or dying 
eucalypts outline its banks, sacrifices to a water conservation scheme which has 
artificially raised the water level and extended the area of the lagoons. Alpine snows 
and rains result in an annual, though fluctuating, summer inundation, with con¬ 
sequential seasonal changes in aquatic life. In Eyre’s time crayfish were abundant 
when water in the lagoons was at its height; once the flood waters began receding 
incredible numbers of fish were netted or caught in weirs (Eyre 1845, II: 252-4). 
Tortoise, shellfish and frogs could be procured without difficulty in the water. The 
valley teems with bird life; 23 species were identified during February 1958 includ¬ 
ing such basic items of aboriginal diet as swan, duck and cockatoo (cf. Eyre II: 
283-8). Edible plants of considerable variety grew in the shallows and on land 
and many of these also provided important raw materials including reeds, vegetable 
fibre and bark (Eyre II: 269-72). Swarms of bees in the valley must have provided 
a ready supply of honey. The rock strewn margin between cliffs and water provided 
ideal cover for reptiles and rodents, while crevices in the cliffs still house countless 
possums. Small gullies, N. of shelter 2 and S. of shelter 3, enabled easy access to 
the land above. Before European activities denuded it of vegetation and soil, this 
mallee scrub country supported a considerable population of wild life, particularly 
kangaroo, wallaby and emu (PI. VI, fig. 2). 

Shelter 2 therefore combined proximity to permanent water and a variety of 
reliable food supplies with the natural advantage of being the largest of the series 
of shelters, commanding a view of the valley in every direction, yet being inaccessible 
from above. This shelter is almost 3 m. downstream from the Walker’s Flat punt. 
It is best reached by following the track alongside the lagoon for approximately 
1300 yds. This track leads off downstream from the Mannum-Walker’s Flat road 
at the bend where that road first reaches the river and turns upstream, 2 m. from 
Walker’s Flat. 
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Fig. 2a and b. —Fromm’s Landing rock shelter No. 2. Plan and vertical section of site. 
Contour heights are from normal river level. 
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The shelter is eroded from the base of the fossiliferous Miocene limestone cliff. 
It is reasonable to assume that it originated during a period of higher river level, 
at a time when the present billabong was the main channel. However, it is difficult 
in the present state of geological studies of the area to claim that its formation can 
be correlated with any Pleistocene or post-glacial climatic phenomenon. The 
6 shelters at Fromm’s Landing, all within a distance of 600 yds., and with one 
exception similarly situated in relation to the former river channel, have roof levels 
at varying heights above the river. The roof of shelter 6 is at least 12 ft. higher 
than the roof of shelter 2. This is of no obvious significance because it may be only 
the result of differential rates of subsequent weathering. On the other hand, the 
basal rock underlying the shelters seems also to be found at different levels. (See 
Price 1952 for surveyed plans and sections of these shelters.) If the single test bores 
made in 1951 in shelters 3 and 6 and the trial probing of shelter 3 in 1927 are to 
be believed, there is rock underlying these shelters at about 7 ft. in depth; at 
16 ft. in shelter 2 it had not been reached. At least these differences cannot be 
attributed to the gradient of the river, which in its last 600 m. is never more than 
3 in. in a mile and in this area is unlikely to have been markedly different in the 
recent past (Howchin 1929, p. 194). 

It was important to determine the nature of deposition in the shelter because it 
affects the interpretation of the stratification. Observation in the field and subsequent 
discussions with geologists, soil scientists and a conchologist, have led to the 
conclusion that no part of the deposit was alluvial. The deposit was chiefly sand, 
which owed its origin to wind and the fragmentation of the cliff; there was no 
alluvial silt present. Nothing in the field evidence indicated that prehistoric floods had 
eroded occupation deposits or in any way interfered with the stratification of the site. 
Throughout the 16 ft. excavated, the section revealed unbroken lines of stratification 
and numerous continuous hearth levels, reaching from the rear wall to the limit of 
excavation outside the shelter. This was most evident in the marked changes between 
levels 2 and 3, 3 and 4, 4 and 5 and in the shell band contained within level 5 
(Fig. 3). Had erosion occurred, these strata which sloped downwards from the rear 
of the shelter, must have been cut across in a step-like arrangement by the various 
floods. The two radiocarbon dates of 4850 ± 100 for level 10 and 3240 ± 80 for 
level 4 are consistent with a gradual accumulation of the deposit, although as approxi¬ 
mately 6 ft. separated the two samples, and level 4 was also about 6 ft. below the 
modern surface, the time-rate of accumulation was not a constant one. If the river 
flowed in its present channel erosion cannot have been severe, because the current 
is slight and could have had little effect at this distance from the main stream. The 
only evidence indicating the proximity of permanent water was uncovered near the 
bottom of the trench, beneath the earliest evidence for human activities. Numerous 
bivalve molluscs, Corbiculina, were found with their valves still connected, thereby 
indicating that they had not been eaten by the aborigines. Therefore they must have 
been washed there and the presence of fine-grained silt in these shells, and in 
numerous specimens of the small univalve Lenameria, was a further indication that 
water was near at that time. 


Field Methods 

Expeditions were in the field for a total of 8 weeks during January and February 
of 1956 and 1958; the party averaged 12 members in 1956 and 9 in 1958. A new 
and more detailed survey of the area adjacent to shelter 2 has enabled the prepara¬ 
tion of a contoured plan and section from cliff-top to lagoon. The excavation was 
almost on the line of the 1952 auger holes. Although this was at the S. end of the 
shelter, there was less indication of any rock fall here than in the more central 
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position. It was hoped that as at Devon Downs, aboriginal rock carvings or 
engravings would be discovered on the rear wall, and partly for this reason, the 
excavation began inside the shelter. Upon excavation, it was found that the rear 
wall sloped out sharply and therefore that areas of intensive occupation were situated 
around the entrance to the shelter while the interior was relatively unoccupied. 
As it was necessary to return for a second season to obtain a cross section through 
the entire area of effective occupation, the trench was covered with heavy planks 
and surrounded by a fence. The excavation was extended down the exterior slope 
in 1958. The composite trench was 32 ft. in length and its width varied from 7 ft. 
in 1956 to 11 ft. in 1958, except for the first 2 ft. in depth, where it was 14 ft. wide 
(PI. VII, figs. 1, 2; Fig. 3). The excavation penetrated through all occupied strata 
and reached sterile soil which was apparently so close to water level that occupation 
would have been impossible. There is a hiatus between the drawn sections of the 
two seasons, because of the intervention in 1956-7 of the greatest recorded Murray R. 
inundation, which filled the trench with rubble and caused the timber cover to 
collapse into it. Despite this discontinuity, the lines of stratification in the 1956 
section drawings were readily matched with those observed during the second season. 

To ensure precise three-dimensional record, survey pegs were placed at 3 ft. 
intervals on either side of the trench. Timbering of the walls was unnecessary, 
although precautions were taken to protect the edges and excavated material was 
removed to some distance; the walls were kept as vertical as considerations of safety 
rendered expedient. It is interesting to note that the flood infilling in the 1956 
trench stood firm when a baulk between it and the 1958 excavation was removed. 

The basic excavation implement was the trowel; indications of stratification 
were carefully followed. All excavated material was removed by bucket and sieved. 
The sieves, held on a specially constructed cradle, were of 2 sizes—% in. and 
Ya in. steel mesh. Numerous stone, bone and shell remains were recovered with 
dimensions less than that of the mesh. For a time during the 1956 season, water 
level in the lagoon was sufficiently high to allow the sieve to be dipped in the 
water and its contents washed. This precaution made it evident that very little 
worthwhile material was being overlooked during the sorting of unwashed sieves; 
the practice was impossible when the water level receded. 

Each sieve was sorted and, in addition to artefacts, every stone fragment which 
was not limestone was retained; so were all bones and a large sample of shells 
including all small molluscan species. The finds were placed in separate containers 
and labelled according to the stratum from which they came. There were about 
30 separate levels in each season. Flat-based, doubled-walled, white paper bags in 
3 sizes, intended by the manufacturer to contain 1, 5, or 7 lb. of coffee or other 
merchandise, made ideal containers. Objects could be carefully packed, the bag 
stapled, labelled and stored for convenient transport. 11 ash and 17 shell samples 
were collected and stored in large screw-top tins for radiocarbon 14 testing. During 
the 1956 season 25 samples were obtained for pollen analytical examination; in 1958 
a representative sample of the deposit, weighing several pounds, was retained from 
each important stratum; a complete photographic coverage was attempted of all 
engravings on the rock face above the shelter. 

Subsequent analysis of the records of both seasons has led to the conclusion that 
12 major stratigraphic phases can be recognized in the history of the site. This 
revised system of numbering has been adopted in this report and all finds have been 
renumbered in accordance with it. All excavated finds are in the South Australian 
Museum, which also holds the Devon Downs collection. All artefacts in this report 
have been given their South Australian Museum register numbers to facilitate future 
reference; the numbers range from A52001 to A 52157. 
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Fig. 3.—Vertical section of the deposit, along the south face of the excavation. 
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Part II 

Description of Levels and Finds 
Level o 

Because the 1957 flood swept the surrounding surface material from outside the 
shelter into the open trench, it lowered ground level by 18 in. As this corresponded 
to level o of the first season, that level was unrepresented in the 1958 excavation 
and the composite section (Fig. 3) therefore shows two surface levels. In 1956 the 
shelter floor was only 2 ft. below the ceiling, but such confined quarters had not 
deterred the aborigines; thick ash deposits lay within 3 in. of the surface even at 
the rear of the shelter. Probably the fires warmed their sleeping bodies rather than 
cooked their food; this explanation accounts both for their apparent unconcern 
about headroom and the rarity of food refuse in the ash, but not for human survival 
in this smoke-filled crevice. The deposit was a dirty-yellow powdery dust, flecked 
with charcoal, except where intense burning had produced thick white or reddened 
ash bands. It was non-alluvial in origin, composed chiefly of limestone from the 
ceiling and rear wall. The rock was so decomposed that even on windless days, dust 
rained on the excavators and if swept with a soft brush the surface was marked. 
Under these circumstances, there was no possibility of engravings being preserved 
on the buried rock. 

The site proved to be honeycombed with rabbit burrows to a depth of 3 ft. 
before the deposit was compact and undisturbed. Excavation and stratigraphic inter¬ 
pretation were unduly difficult owing to the combination of limited headroom and the 
burrow complex, the latter causing the disintegration of the surface beneath the 
excavator’s feet. In order to stabilize the excavation on a solid surface, the first 
40 in. were removed in horizontal 4-in. spits. This achieved, it was possible to piece 
together the undisturbed pillars between burrows, exposed on the section walls, and 
so ascertain the lines of stratification. Fortunately, the strata dipped only slightly 
from the rear wall and as finds were few and inconsequential, any stratigraphic 
distortion resulting from digging methods of rabbits and excavators was negligible. 

Artefacts : The 4 wooden artefacts recovered in the excavation all came from 
within 9 in. of the surface: A52001, a wooden stick 11 in. long and 1 in. in diameter, 
artificially tapered at one end and charred at the other; A52002 (Fig. 6) If in. 
in length and circular in section, rounded at one end, tapering at the other. What 
appears to be a resinous discolouration covers the tapered end. It is probably the 
tip of a spear-thrower, against which the base of the projectile shaft rested. 
A52003, an extremely sharp point 1£ in. long and charred all over; A52004, is 
similar to the last, but is less well preserved. A52005, is the only bone artefact. 
It is a sharp awl 4 in. long made from a bird bone. Eyre figured a similar awl in 
his Journal, II, PI. IV, fig. 9. 8 stone artefacts included: A52006, a red jasper 
adze-stone with resin adhering to the unworked rear margin; A52007, a rough 
chert adze-stone; A52008, a worn quartz adze-slug. These 3 adze-stones conform 
to McCarthy’s Burren type (1946, p. 30), but A52009 (Fig. 4a), an adze-stone 
with a well defined, obtuse-angled striking platform, is an example of the Tula type. 
It measures £ in. by \ in., and the utilization fractures are so small that it must have 
been used for very delicate work and is best described as a micro-tula. A52010-11, 
two crude scrapers; A52012 a chert, nosed microscraper with very delicate retouch; 
A52013 (Fig. 4a) a small and crudely made point, triangular in section and 
retouched along the thick edge. Other finds included: A52014, a jasper core from 
which 3 narrow inch-long flakes were removed; A52015, a 1£ in. pointed primary 
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flake; A52016, a cushion-shaped fossiliferous Pliocene limestone pebble 6 in. i n 
diameter, used as an upper grindstone, one face of which showed wear; A52017 
a large diorite fragment used as an upper grindstone, one face has a grinding surface • 
A52018, 4 river pebbles used as hammerstones. * 

Waste Fragments numbered 601, including 391 quartz, 35 quartzite, 104 red 
brown and yellow jasper, 55 chert, 4 sandstone, 2 granite, 1 flint, 5 micaceous schist’ 
1 muscovite schist, 1 amphibolite and 2 diabase. A single small fragment of red 
ochre was found. 

Bivalves: Velesunio ambiguus Philippi and Alathyria jacksoni; Corbiculina 
angasi Prime. 

Univalves: Notopala hanleyi Franenfeld (Paludina) ; Lenameria tenuistriata 
zvaterhousei C[t ssin (Bulinus); Merocomelon cassandra Pfieffer (an edible land 
snail); Plotiopsis tetrica Conrad (Melania), present only near the bottom of the 
level. 

Mammals: Macropus (Kangaroo), Bottongia and Potorous (Rat Kangaroo) • 
Wallabia and Thylogale (Wallaby); Vombatus (Wombat) ; Perameles (Bandi¬ 
coot); Pseudocheirus and Trichosurus (Possum); Antechinus (Phascogale) • 
Hydromys (Australian Water Rat); Rattus (Native Rat); Oryctolagus (Euro¬ 
pean Rabbit). 

Reptiles: Tiliqua (Blue Tongue Lizard), Varanus (Goanna); Serpentes 
(Snake). 

Other Animals : Carapace of Chelodina (tortoise) ; bones of Fish and Bird • 
egg shell fragments of Dromaeus novae-hollandiae (Emu) ; Parachaerops (Yabbie’ 
or freshwater crayfish). ’ 

Plants: Eucarya acuminata (Quandong stones). 
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Fig. 4a.—Scale 2:1 
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Characteristic of this horizon was dark grey earth containing hearths, charcoal 
lumps and many living rootlets. Numerous limestone fragments had been used as 
hearth stones on the exterior slope. The rear wall commenced to slope steeply out¬ 
wards and the deposit near this rock consisted of clean yellow decomposed limestone. 
Bone was uncharred. It was during this period of occupation that the human burial, 
described later in this report, took place. The abundant charcoal indicating human 
activities contrasted with the meagre stone material. 

Artefacts : Only 3 artefacts were found: A52019-20, two small scrapers, one 
of them a chert, nosed-scraper similar to A52012; A52021 (Fig. 4a), a crude quartz 
micro-point similar to A52013. 

Waste Flakes numbered 198, of which only 32 came from the area of intensive 
occupation outside the shelter; 128 were quartz, 10 quartzite, 31 jasper, 21 chert, 
2 sandstone, 1 muscovite schist, 3 quartz-biotite schist, 1 slate, 1 granulite. 

Bivalves : V. ambigims Philippi and Alathyria jacksoni ; C. angctsi Prime. 

Univalves: Notopala hcmleyi; Austrosuccinea australis Ferussac, a small land 
snail; Meracomelon cassandra; Lenameria tenuistriata confluens Hedley, 3 speci¬ 
mens of this species, which has only been recorded upstream in the Murray at 
Echuca, Victoria. 

Mammals: Macropus ; Bettongia; Trichosurus; Antechinus; Rattus. 

Reptiles: Tiliqua\ Serpentes. 

Other Animals : Chelodina; fish; bird; Dromaeus novae-hollandiae egg shell 
and Parachaerops. 
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Fig. 4b.—Scale 1:1. 
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Level 2 

This stratum was distinguished from level 1 by its distinctly yellow sand, which 
was relatively clean inside the shelter. On the exterior slope there were several 
hearths of burnt limestone and ash and concentrations of mussel shells were common. 
The bottom of the grave dug in level 1 times reached the base of this level. The 
engravings on the rock face above the shelter cannot be older than this occupation 
level, because from lower levels the rock surface would have been out of reach. 

Artefacts : 7 stone implements included: A52022, a delicately retouched Bondi- 
point (PI. VIII, fig. 2; Fig. 4b), which is discussed below; A52023-4, a red jasper 
and a chert adze-stone, both broken laterally; A52025, 4 chert and jasper scrapers; 
A52026, a small jasper flake bearing long, fluted, flake scars. 

Waste Fragments numbered 594, of which only 78 came from outside the 
shelter. Quartz 474, quartzite 26, jasper 37, chert 52, honey-coloured flint 1, mica 
schist 2, diabase 1, metamorphosed sandstone 1. 

A bone point 2f in. long (A52027), bent by earth pressure, and one small frag¬ 
ment of brown ochre were also found. 

Bivalves: V. ambiguus Philippi and Alathyria jacksoni; C. angasi Prime. 

Univalves: Notopala hanleyi ; Plotiopsis tetrica Conrad; Lenameria tenui- 
striata waterhousei Clessin; Austrosuccinea australis Ferussac; Meracomelon 
cassandra Pfieffer. 

Mammals: Bettongia ; IVallabia ; Thyogale ; Perameles; Trichosurus ; Ante- 
chinus; Rattus. 

Reptile: Tiliqua. 

Other Animals: Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell 
and Parachaerops. 


Level 3 

The deposit was similar in appearance to level 2, but there were numerous lime¬ 
stone fragments packed tightly together as hearths. Inside the shelter 2 circular 
hearths were superimposed on one another. At the E. end of the trench, a large 
boulder was uncovered bearing marks of fires which had been built against it. Bones 
were usually charred and many had been cut, a feature rare in higher levels. Despite 
the hearths, the relatively clean yellow sand and the scarcity of bone, artefacts and 
stone chippings are evidence that occupation at this time was more infrequent and 
less intense than at any time in the history of the site. 

This phase may represent a considerable time interval, the stratum was so deep 
that it had to be excavated in 6 separate trowel depths. 

Artefacts : Only 4 stone implements were found: A52027, the broken tip of 
a symmetrical, bifacially retouched chert point; A52028 (Fig. 4b), a milky quartz 
point, triangular in section and retouched around the base and thick edge; A52029 
(Fig. 4a), a fragment of honey-coloured flint measuring % in. by Ma in., obviously 
broken off a larger artefact and bearing minute secondary work along one edge* 
A52030, a semicircular rough quartz scraper; also, A52031, a quartz pointed leaf¬ 
shaped flake If in. long, without retouch. 

Waste Fragments numbered 483, of which 417 came from outside the shelter 
Quartz 398, quartzite 12, jasper 36, chert 28, indurated mudstone 2, sandstone 1 
mica schist 2, granulite 1, diabase 1, slatey material 2. 

One small fragment of reddish-brown ochre was present. 
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Bivalves : V. ambiguus Philippi and Alathyria jacksoni; C. angasi Prime. 

Univalves: Notopala hanleyi ; Plotiopsis tetrica Conrad; Lenameria tenui¬ 
striata water housei Clessin; Lenameria tenuistriata confluens, a few shells only; 
Merocomelon cassandra FfiefTer. 

Mammals: Macro pus ; Bettongia\ P ot oro us ; Thylogale-, Perameles ; Tricho- 
surus; Ant echinus; Rattus. 

Reptiles: Tiliqua ; Serpentes. 

Other Animals: Chelodina; fish; bird; Dromaeus novae-hollandiae egg shell 
and Parachaerops. 


Level 4 

This was a deep black horizon which covered the entire section and could be 
easily distinguished from the strata above and below it; there were some distinct 
hearths. Large numbers of limestone fragments occurred throughout. Despite the 
amount of ash present, there were few charcoal lumps and shells were infrequent; 
bones were broken and charred. The intensive occupation implied by the ash con¬ 
trasted with the almost total absence of cultural evidence. Ash and charcoal was 
collected for radiocarbon 14 analysis. The age determination was 3240 ± 80 years 
(R 456/2). J 

Artefacts : Only 2 specimens, both of questionable value were found: A52035, 
a small square tabular block of red sandstone utilized as a hammerstone and 
A52036, a heavily patinated white chert fragment bearing some marks of utilization 
as a scraper. 

Waste Fragments totalled only 53, of which 34 were quartz, 7 quartzite, 
9 jasper and 3 chert. 

Bivalves: V. ambiguus Philippi; Alathyria jacksoni in lower part of stratum 
only; C. angasi. 

Univalves: Notopala hanleyi ; Plotiopsis tetrica-, Merocomelon cassandra ; 
Lenameria tenuistriata zvaterhousei Clessin; Austrosuccinea australis. 

Mammals: Macropus-, Macropus major (Grey Kangaroo) ; Bettongia; JValla- 
bia; Thylogale billardierii; Rattus. 

Reptiles : Amphibolous (Jew Lizard) ; Serpentes. 

Other Animals: Chelodina; bird. 

Level 5 

At this depth there was a marked change in the nature of the deposit. It was 
much lighter in colour and inside the shelter it was a clean yellow. Throughout the 
level there were great quantities of very fragile mussel shells. On the exterior slope 
it included a typical midden deposit of black ash and closely packed shells. The 
material was moist and when shaken on the sieve it formed small sticky lumps. 
Bones were broken and slightly mineralized; artefacts were common and included 
6 of bone. The division between levels 4 and 5 is therefore an interesting one in 
the history of the site, as it marks a change from the occupation of level 5 by 
people with a fairly developed tool kit, to the apparent paucity of material culture of 
level 4 times; hearths and shell refuse seem to imply a relatively intensive occupation 
during both periods. It may be culturally significant that 96% of all bone artefacts 
found occurred in, or below, this level. 
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Artefacts : The bone tools included: a muduk £ in. long and pointed at both 
ends (A52037, Fig. 6) ; a 3 in. spatulate bone (A52038, Fig 6) and a fragment of 
a similar but smaller specimen (A52039), which may be compared with Hale and 
Tindale (Fig. 222, from layer IX at Devon Downs). There were 3 simple bone 
points all snapped below the tapered portions, one of which was very highly polished. 
These specimens (A52040-2) measured l£ in., 1£ in. and 2f in. respectively. 

Stone artefacts numbered 11: A52044, a brown jasper burren adze-stone, 
broken in half; A52045, a worn quartz adze-stone; A52046-9, 4 adze-stones 
of quartz and jasper; A52050-3, 4 small scrapers, some with careful retouch; 
A52054, a nondescript flat scraper of chert; A52055, a small circular quartz core 
possibly utilized as an adze. 

Waste Fragments totalled 311, of which 250 were quartz, 19 quartzite, 
31 jasper, 8 chert and 3 mica schist. 

One small fragment of ochre was found. 

Bivalves : V. annbiguus Philippi; Alathyria jacksoni ; C. angasi Prime. 

Univalves: NotopcUa hanleyi; Plotiopsis tetrica Conrad; Meracomelon Cassan¬ 
dra Pfieffer; Lenameria tenuistriata waterhousei Clessin; Austrosuccinea australis 
Ferussac. 

Mammals: Macro pus ; Bettongia ; Wallabia ; Wallabia rufogrisea (Red-Necked 
Wallaby) ; Thylogale\ Perameles\ Rattus ; Rattus lutreolus (Eastern Swamp Rat) ; 
Dasyurus maculatus (Tiger Cat). 

Reptile: Tiliqua. 

Other Animals: Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell. 

Level 6 

Although slightly lighter in colour than level 5, this stratum was otherwise 
similar. Inside the shelter there was a distinct band of hearths and the heat of the 
fires had reddened the limestone on the rear wall across the width of the trench. 
The earth was moist, sticky and difficult to sieve. In fact, if a sieve had not been 
used, many of the bones and artefacts would have been missed, owing to their 
chemical discolouration or the film of earth adhering to them. There were numerous 
broken and charred animal bones. 

Artefacts: Bones were more frequently utilized than at any other period; 
artefacts numbered 20: A52056 (Fig. 6), a highly polished mudukian fusiform 
point 1£ in. long, one point of which is broken; A52057 (Fig. 6), a probable muduk, 
with one point broken and much narrower than the last; A52058, a badly decayed 
fragment which was possibly a muduk; A52059-60, 2 very sharp and highly 
polished awls made from bird bone, 2£ in. and 1£ in. long respectively; A52061 
(Fig. 6), a broken point, 1£ in. long and £ in. wide, concave in section; A52062, 
a sharp-pointed split bone 2£ in. long and slightly polished; A52063, 1£ in. long and 
polished to a sharp point; A52064, a stout point, 2£ in. long, broken in two pieces; 
A52065-74, various fragments of simple points, some with very high burnish; 
A52075, a porcupine quill which is burnished and may have been utilized; A52076* 
a fragment with a deep cut across the back. 

Stone artefacts totalled 21: A52077 (Fig. 4b), a uniface brown jasper point, 
with the tip missing, carefully retouched around the base and lateral margins. This 
artefact possesses the characteristics of a pirri point. A52078, a chert tula adze- 
stone, broken in half; A52079 (Fig. 4b), a jasper burren adze-stone, utilized on all 
margins and pointed on one end. If mounted with the point protruding from the 
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resin, this adze would probably resemble the koondi tuhla pirri described by Horne 
and Aiston (1924, p. 89); A52080-87, adze-stones in varying conditions of wear; 
A52088, a fragment broken from the edge of a brown jasper artefact and most 
delicately trimmed; A52089, another fragment with minute retouch, which could 
only have been the product of a skilled craftsman working in the microlithic tradi¬ 
tion; A52090 (Fig. 4a), a clear quartz fragment belonging to the same tradition of 
careful retouch as the two previous examples; A52091 (Fig. 4a), a clear quartz 
micro-adze, identical in all respects to A52079, thereby suggesting that the pointed 
end on them both was functional, perhaps used as an engraver; A52092-5, 4 clear 
quartz micro-scrapers, with careful retouch and ranging in size from $ in. by \ in. 
to %e in. by % in.; A52097, a circular quartz scraper; A52098, crude jasper scraper; 
A52099-52103, 5 approximately leaf-shaped primary flakes should also be noted 
(e.g. Fig. 4b). 

There were several small fragments of red and brown ochre. 

Waste Fragments (Stone) totalled 487, of which 403 were quartz, 15 quart¬ 
zite, 37 jasper, 25 chert, 2 indurated mudstone, 1 sandstone, 1 chalcedony, and 
1 mica schist and 2 quartz schist. 

Bivalves : V. ambiguus Philippi; Alathyria jacksoni ; C. angasi Prime. 

Univalves: Notapala hanleyi Franenfeld; Plotiopsis tetrica Conrad; Menv- 
comelon cassandra Pfieffer; Lenameria tenuistriata waterhousei Clessin; Austro- 
succinea australis Ferussac. 

Mammals: Macropus ; Macropus major ; Bettongia ; Thylogale ; Lagostrophus 
(Hare Wallaby); Vombatus; Perameles; Rattus; Rattus lutreolus ; Dasyrus ; 
Dasyrus maculatus. 

Reptiles: Tiliqua; Amphibolous. 

Other Animals : Chelodina ; fish, including broken point of Bathytoshea (Sting 
Ray) ; bird; Dromaeus novae-hollandiae egg shell. 

Level 7 

The deposit was light grey in colour and mixed with many limestone rocks, 
some of which had been used as hearthstones. There was no clearly defined demar¬ 
cation between 6 and 7, largely owing to the dampness of the soil at this depth which, 
on the walls, took some days to dry. At the N. side of the trench, a very large 
limestone boulder was encountered. It was too large to move and to judge from the 
appearance of the cliff face directly above, it had fallen from there. 

Artefacts: Bone artefacts: A52104 (Fig. 6), a muduk 2\ in. long and $ in. 
wide, which is the largest muduk from either this site or Devon Downs and was 
made from a kangaroo or wallaby fibula; A52105, a sharp awl 1£ in. long made 
from a whole bird bone; A52106-11, various simple bone points, 4 of them highly 
polished, ranging in length between £ in. and 1$ in. 

Stone artefacts: A52112-14, 3 adze-stones, 2 of chert, 1 of quartz; A52115-6, 
3 jasper scrapers, 2 of which are fragments only and all of which have very delicate 
secondary retouch; A52117, a large tabular sandstone pebble, showing signs in 
2 places of use as a hammer stone. 

Waste Fragments totalled 272 pieces; 231 were quartz, 4 quartzite, 26 jasper, 
6 chert, 3 indurated mudstone, 1 amphibolite, and 1 quartz-mica schist. 

There was a single lump of dark brown ochre. 

Bivalves : As for level 6. 

Univalves: As for level 6. 
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Mammals: Macropus ; Bettongia ; IVallabia ; Thylogale ; Lagorchestes (Hare 
Wallaby); Vombatus ; Perameles ; Pseudocheirus (Possum); Antechinus ; Phas- 
cogale (Phascogale); Rattus ; Dasyurus; Sarcophilus (Tasmanian Devil). 
Reptiles: Tiliqua ; Varanus ; Amphibolous. 

Other Animals : Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell 
and bone. 


Level 8 

This was a muddy yellow horizon which could be traced indistinctly all over the 
excavation. Apart from the colour, two characteristics distinguished it from the 
previous level; it contained numerous mussel shells and when trowelled, it felt 
more compact and coarser-grained. At this level, the fallen boulder covered a third 
of the 1958 trench. A black carbonaceous deposit extended over the rear wall of the 
shelter at this level, indicating^ that fires had been lit against the wall at even lower 
levels. 

Artefacts: Bone artefacts comprised: A52118, the tip of a well burnished 
point and A52119, a small triangular, flattened, fragment, with evidence of polish 
on one point. 

Stone artefacts: A52120 (Fig. 5), a milky quartz pirri, with a median ridge and 
careful retouch on both margins and base; A52121 (Fig. 5), a thick and roughly 
made quartz point, with some retouch and a very sharp point; A52122 (Fig. 5), 
an abruptly trimmed milky quartz microlith, in the shape of an elongated-crescent 
and broken at one extremity; A52123 (Fig. 5), a granular quartz microlith, roughly 
trapezoid in shape, retouched on the 2 short sides; A52124 (Fig. 5), a semi¬ 
circular jasper microlith, broken across the middle and carefully retouched along 
all the remaining curved margin. A52125, a high-backed burren adze-stone; 
A52126 (Fig. 5), a chalcedony high-backed flake with adze utilization marks on all 
margins. Although not triangular in section, this artefact is otherwise similar to 
the Elouera of New South Wales. (At Devon Downs, specimen A29195 from 
layer VIII, is definitely Eloueran type—Hale and Tindale, Fig. 195.) A52127 
(Fig. 5), a concave chert scraper; A52128, a worn adze slug; A52129, a small quartz 
scraper with careful retouch; A52130-2, two scrapers and a fragment from a third; 
A52133, a small chert core; A52134, a large flake, subsequently used as a core; 
A52135, a fragment of sandstone, probably used as an upper grindstone. A52136 
(Fig. 6) is of some interest as it is a mussel shell with a circular hole pierced 
through it. The hole is an ancient one; the shell was broken out of a lump of moist 
soil and the film of earth, which covered the shell, extended around the edge of the 
hole. Evidence contained in South Australian Museum records proves that in the 
nineteenth century aborigines pierced mussel shells in this fashion and used them 
as spokeshaves. 

Waste Fragments numbered 154; quartz 117, quartzite 6, jasper 26 and 
chert 5. 

Bivalves : As for level 6. 

Univalves: As for level 6. 

Mammals : Macropus ; Bettongia ; Potorous ; Thylogale ; Vombatus; Perameles ; 
Trichosurus; Antechinus ; Rattus. 

Reptiles: Tiliqua ; Amphibolous. 

Other Animals: Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell. 


ARCHAEOLOGICAL EXCAVATIONS AT FROMM’S LANDING 


69 





A52I38 





A52I48 



A52I49 




A52I5I 


Fig. 5.—Scale 1:1. 





























70 


D. J. MULVANEY: 

Level 9 

A fairly arbitrary distinction from level 8 was necessary, because the deposit 
was a similar muddy yellow colour and so moist that differences were only revealed 
after the exposed section walls had dried. Shells were common, but there were no 
concentrations of ash. 

Artefacts: There was a single bone point, A52137 (Fig. 6), £ in. in diameter, 
tapering to a well-ground tip. 

Stone artefacts: A52138 (Fig. 5), a triangular chalcedony microlith; A52139 
(Fig. 5), a crescentic chalcedony microlith, broken in half; A52140, a chert fragment 
with some utilization flakes along one edge, possibly an adze; A52141, a small, 
circular, clear quartz core. 

Waste Fragments numbered 108; 87 quartz, 14 jasper and 7 chert. 

Bivalves : As for level 6. 

Univalves: As for level 6. 

Mammals : Macropus ; Macropids ; Bettongia ; Potorous tridactylus ; Perameles ; 
Rattus; Rattus lutreolus. 

Reptile: Tiliqua. 

Other Animals: Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell. 

Level io 

A definite division between levels 9 and 10 was traced, particularly along the 
S. side of the trench. The excavated material was so damp that it resembled a thick 
paste and was extremely difficult to sieve. Fallen rocks made progress difficult in 
1956; the boulder uncovered in 1958 occupied half the excavated area. In 1956 
no artefacts and only one waste fragment occurred below level 10, although the 
smoke-blackened surface of the rear wall continued down into level 11. The C14 
age determination on shells from this level was 4850 ± 100 years (R 456/1). 

Artefacts: Bone artefacts were all indeterminate fragments. A52142, a flat¬ 
tened piece | in. long and broken at both ends, bore definite cut marks and had been 
well polished; A52143, the tip of a simple point; A52144, 2 minute bone points 
which show some evidence of polish. 

Stone artefacts formed a rich collection. A52145 (Fig. 5), a chert pirri care¬ 
fully retouched all over; A52146 (Fig. 5), a quartzite pirri; A52147 (Fig. 5), an 
asymmetrical uniface point, trimmed along one edge and typologically an Adelaide 
Point; A52148 (Fig. 5), a high-backed oblique point; A52149 (Fig. 5), a clear 
quartz microlith trimmed around the curved margin; A52150 (Fig. 5), a porcel- 
lanite microlith, almost triangular in outline and delicately retouched; A52151 
(Fig. 5). a small, well finished, microlithic crescent; A52152, a slightly concave 
jasper scraper; A52153, a heavily paginated chert scraper, utilized on 2 edges; 
A52154, a patinated chert flake with utilization flakes along one side, possibly it was 
an adze-stone; A52155, a small chert core; A52156, a crude, pointed, primary flake. 

Waste Fragments totalled 62, of which 37 were quartz, 4 quartzite, 8 jasper 
and 13 chert. y 

Bivalves : As for level 6. 

Univalves : As for level 7. 

Mammals: Macropus ; Bettongia ; Thylogale ; Vombatus ; Rattus ; Dasyurus. 

Reptiles: Tiliqua ; Serpentes. 

Other Animals: Chelodina ; fish; bird; Dromaeus novae-hollandiae egg shell. 
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Level ii 

A sticky yellow paste, which was only excavated over a confined area of the 
trench because the large boulder now covered almost the whole area. The lowest 
evidence of human activities came from near the top of this layer. On the N. and E. 
sides of the boulder it was possible to penetrate to some depth and the molluscan 
evidence indicated the proximity of water during the period at which this was the 
surface. It should be noted that at this depth the excavation was below the high- 
water level reached by a normal annual flood. It can be stated with confidence that 
the excavation had penetrated to a sterile deposit and that occupation at any lower 
level would have been impossible, unless river-level was considerably below that of 
modern times. There is nothing in the molluscan, faunal or geological evidence of 
these lower strata to suggest that the climate or environment was significantly 
different from immediate pre-European times ; it is therefore unlikely that the river 
was lower. 

Artefacts: A single stone artefact was found (A52157) ; this was a patinated 
chert flake, retouched as an end scraper. 

Waste Fragments: 7 waste stone fragments were found, 3 of quartz and 
4 of jasper. 

Bivalves: V. ambiguus Philippi and Alathyria jacksoni, rare; C. angasi. 

Univalves: Notopala hanleyi and Lenameria teniustriata waterhousei Clessin 
were fairly numerous; Meracomelon cassandra and Plotiopsis tetrica were rare. 

Mammals: Macro pus ; Thylogale ; Rattus. 

Other Animals: Chelodina; Dromaeus novae-hollandiae egg shell. 


Part III 
Discussion 

A comparison of the artefacts from Devon Downs and Fromm’s Landing makes 
it evident that the new excavation has raised several crucial problems of Australian 
prehistoric research. Despite the factors conducive to concentrated occupation at 
Fromm’s Landing and the great depth of deposit, cultural material was scarce 
throughout. The quick returns and aesthetic pleasures, derived from the excavation 
of many stone age sites in other countries, are unlikely here. Only 100 stone arte¬ 
facts were found and less than half of these could be classified as anything but 
‘utilized stones’; the largest worked stone tool measured 1 in. by in. The Devon 
Downs material examined in the South Australian Museum is similar; almost half 
of the 125 stone artefacts are amorphous specimens, while the largest specimen 
measures 2£ in. by 1£ in. At both shelters the aborigines utilized their stone 
resources to such an extent that sizeable fragments were rare, although at Fromm’s 
Landing the sample numbered 3300 pieces. In level 1, e.g., 340 quartz fragments 
weighed less than 8 oz., while the combined weight of 260 quartz pieces in level 3 
was 7 oz. 

Insufficient geological and related research on the location of aboriginal quarries 
and the exchange of raw materials in Australia make it difficult to reach definite 
conclusions concerning contacts of the Fromm’s Landing aborigines with more 
distant areas. The evidence for exchange of goods over wide areas provided by 
this site is not impressive. For instance, although the excavators particularly searched 
for ochre, they found little. The two main sources of ochre, according to information 
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supplied by N. B. Tindale, were at Parachilna in the Flinders Ra. and Ochre Cove, 
S. of Port Noarlunga in South Australia. The latter site is only 75 m. distant. 

Only 6% of the stone identified—the cherts and fossiliferous limestone, could 
have been obtained in the immediate vicinity. However, the source of most of the 
remainder was not far distant. Quartz (78%), quartzite (4%), the schists and 
sandstone are probably all from the Mt. Lofty Ra., or from creeks on their E. scarp, 
under 20 m. to the W. Hale and Tindale (p. 203) suggested that much of the raw 
material at Devon Downs was obtained in the bed of Marne Creek, a stream 
descending from the Mt. Lofty Ra., half way between their site and Fromm’s 
Landing. The granite may have come from Mannum, only 20 m. downstream. The 
source of the jaspers (10%) is not certain, but in a personal communication N. B. 
Tindale has stated his belief that they were traded down the river. ‘There is a 
native mine which I have recently located on the Wilabalangaloo property at Berri, 
owned by the National Trust of South Australia.’ (Its existence is recorded in 
Walkabout, Oct. 1, 1958, p. 22.) Berri is over 150 m. upstream from the shelter, 
although there is no reason to believe that all, if any, of the jasper actually came 
from that particular quarry. The nearest known localities where flint and diorite 
were obtainable are respectively, SE. South Australia and W. Victoria, both over 
200 m. away. However, these stones are very rare and their appearance in a total 
of 3300 pieces does not alter the fact that most of the sources of supply of raw 
materials probably lay within a radius of 20 m. This relative parochialism is 
surprising for a site admirably situated for valleyward contacts. It is relevant to 
any discussion of the evidence for migrations of people both here and at Devon 
Downs. 

A striking characteristic of the stone industry is the marked degeneration in the 
craftsmanship of later occupants. Little in the upper levels compares with the pirris 
and microliths of earlier strata, which are equal to those of the best cabinet collections 
made on surface sites. At Devon Downs, also, the latest (Murundian) horizons 
contained only crudely made artefacts. The parallel between industrial skills at both 
sites extends to the utilization of bone. Only 2 of the 43 bone artefacts from Fromm’s 
Landing were found above level 5; at Devon Downs utilized bones were entirely 
absent in the upper 4 layers, although there were 90 in the lower strata. A problem 
which future excavators could consider, is whether there is general significance in 
the decline in stone working and the apparent neglect of bone as a raw material in 
more recent times. As Eyre and Angas both illustrate bone artefacts from the 
Lower Murray area, it is possible that the pattern revealed by these excavations is 
accidental; yet it is also evident from their descriptions that the aborigines efficiently 
utilized a wide variety of organic materials, particularly wood, reeds and vegetable 
fibre. The archaeological evidence may be a true reflection of a change of emphasis 
in the cultural life of the aborigines as they adjusted themselves more completely to 
the riverine environment and the exploitation of its varied resources. It may be 
conjectured that the first craftsman came from more arid inland regions where stone 
and bone were the accessible and basic raw materials and that these traditions took 
time to change. 

A study of adze-stones excavated at both sites supports the suggestion that stone 
was replaced by organic materials. In recent aboriginal society throughout much of 
the continent, some form of spear-thrower or handle, with an adze-stone embedded 
in gum on one end, has been the basic general purpose and wood-working tool. Use 
in wood-working produces a characteristic steep broken-back working edge. The 
first 2 definite worn adze-stones appeared in level 8 at Fromm’s Landing and there 
were 20 more in levels 7-5 (single doubtful specimens were present in levels 9 
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and 10). Further evidence for wood-working activities in level 8 times was a concave 
scraper (or ‘spokeshave’) with its edge broken back through utilization. The first 
certain adze-stone at Devon Downs came from the latest pirrian horizon (VIII) 
and they were numerous in layers VII-V. Their earliest occurrence at both sites 
therefore coincided with the latest examples of well made pirris and microliths and 
they were most numerous after production of these types declined. The inference 
therefore is that the increasing emphasis on wood-working was accompanied by a 
deterioration in stone-working skills. If such cultural adaptation occurred, it is 
unnecessary to invoke successive racial or cultural invasions or racial degeneration 
to explain it. 

There are interesting similarities between the implement types at both shelters. 
In both excavations pirris were common to the early horizons and they were overlain 
by bone muduks. It is significant that the character of the deposit changed consider¬ 
ably between the 4th and 5th levels in both deposits. (The agreement in numeration 
is coincidental.) There was intensive occupation in level 5 at Fromm’s Landing, 
while in level 4 times cultural evidence was rare, bone utilization ceased and the 
quality of stone artefacts deteriorated. The excavators of Devon Downs told a 
similar story for their Murundian phase and remarked that ‘exhaustive search did 
not bring to light any stone implements of definite type in layers above IV’ 
(p. 183). 

Hale and Tindale assumed that the sequence—Pirrian, Mudukian and Murun¬ 
dian—was a cultural one. Subsequently, Tindale applied these cultural labels to 
artefacts collected in various parts of Australia and has used the Devon Downs 
stratigraphic-chronological succession as a pointer to their age. A revision of such 
concepts is now necessary because, although the evidence outlined above confirms the 
Devon Downs sequence in a general way, there are also basic differences. Further 
it is questionable whether changes in implement types represented any cultural 
differentiation. An evaluation of the Devon Downs cultural terminology is desirable 
in the light of the new evidence. In the discussion which follows, the Devon Downs 
terminology and appropriate archaeological horizons are provided at the beginning 
of each section. 

Pre-Pirrian (Layers XI-XII, Devon Downs) 

Because the Devon Downs shelter wall sloped out sharply, only a small area was 
excavated at this depth. A simple bone point and a fragment of another were the 
only artefacts found. The lowest pirris at Fromm’s Landing came from level 10; 
level 11 contained a single artefact, a scraper of no distinction. In the sense that 
pirris were absent from the lowest occupation horizons at both sites, these levels 
could be termed pre-pirrian. But the application of cultural terminology to artefacts 
as generalized as a bone point and a stone scraper, is misleading and the term 
Pre-Pirrian should be abandoned. (In his latest writings Tindale appears to have 
done so.) The greatest need in Australian archaeology is the discovery of a site in 
which pirrian horizons are underlain by occupation debris of earlier aborigines and 
whose excavation would provide a worthwhile assemblage of artefacts from a 
demonstrably pre-pirrian occupation. 

Pirrian (Layers VIII-X, Devon Downs) 

These horizons contained 34 pirris; the type was less common at Fromm’s 
Landing, where 4 were excavated in levels 8 to 10 and one probable specimen in 
level 6. These points are uniform in size, but there is such variety of secondary 
retouch that 5 sub-types are represented. One of them A52147 (Fig. 5) is retouched 


76 


D. J. MULVANEY: 

along only one edge and if it is accepted typologically as an Adelaide Point, this is 
the first stratigraphic proof that this type was a contemporary variant of the pirri. 
A similar diversity of sub-types characterizes the Devon Downs industry. As the 
pirris from both sites were made from local stone, during a well-defined stratigraphic 
time interval, the great variety of finsh cannot satisfactorily be explained by reference 
to cultural or functional differentiation. It must relate to personal predilections of 
the toolmaker, or the recognition that each individual primary flake required finishing 
according to its condition when struck off the core. Attempts to formulate a typology 
of pirris, by splitting them into sub-categories, are therefore exercises of doubtful 
utility. (Campbell and Noone 1943, pp. 287-93; McCarthy 1946, p. 38.) 

Associated with the pirris in levels 8 to 10 were 8 geometric microlithic crescents, 
trapezes and triangles. Quartz specimens were retouched as skilfully as those made 
from less intractable stone, although considerable variation in finish is represented. 
As both pirris and microliths belonged to the same occupation phases, there was no 
stratigraphic reason for separating their owners. Similar geometric microliths were 
not found at Devon Downs, although a single obliquely blunted micropoint, or 
Woakwine Point, present in a pirrian horizon, was unrecognized at the time of 
publication. This specimen, A29198, came from layer VIII (Pirrian) and was 
figured in the report as ‘a pointed chert flake’ (Fig. 198, p. 195). It must be 
emphasized that the knowledge of microlith typology was not far advanced in 1929. 
(Even overseas, Grahame Clarke’s first definition of European microlithic industries 
was only published in 1932.) Therefore, although Hale and Tindale referred to the 
occurrence of ‘microliths’ in layers VI and VII, a re-examination of these artefacts 
has shown that they are merely small utilized stones, of a kind common to almost 
every implement assemblage. Unless the term microlith is applied only to geometric 
forms and their derivatives, it becomes misleading and meaningless. [The specimens 
concerned are the ‘6 nondescript microliths’ from layer VI, referred to in the Devon 
Downs report (p. 189 and Figs. 92-7). Three further specimens from this layer 
are on exhibition in the South Australian Museum as ‘microliths’. The 2 specimens 
with register no. A29253 are not true geometric forms; no. A29019 may belong to 
the microlithic tradition, but it is a poor specimen and resembles the backed points 
from levels 0 and 3 at Fromm’s Landing, referred to later. The ‘3 crude microliths’ 
from- layer VII (p. 190) are utilized fragments of no typological significance 
(A29149, 50, 51).] 

In subsequent years Tindale pioneered the systematic investigation of South 
Australian surface collections. Probably because of his initial failure to identify the 
micro-point in the pirrian context and the mistaken belief that there were several 
microliths in the mudukian levels, Tindale concluded that the microlith was a type- 
tool of his Mudukian culture (Tindale 1957, p. 23; 1955, p. 280). 

The new excavation has demonstrated that at Fromm’s Landing the microliths 
are as ancient as the first pirris and that they are stratigraphically earlier than the 
first muduks. The presence of microliths on one site and their absence on an 
apparently contemporary site 10 m. away, underlines the need for caution in 
correlating implement collections with cultural periods over wide geographic areas. 
The prerequisite for such systematization is further stratified excavation. The radio¬ 
carbon 14 date of 4850 ± 100 years for level 10 is consistent with the Devon Downs 
pirrian date of 4250 ± 180 years; it is the first age estimation from a stratified 
context for the microlith in Australia. 

Mudukian (Devon Downs Layers V-VII) 

In the Devon Downs collection there are 7 undoubted muduks; 4 occurred in 
levels 5-7 at Fromm’s Landing. Hale and Tindale believed that the muduk was a 
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fish gorge (p. 205). McCarthy (1940) has since questioned this identification and 
argued that its function was primarily as a dual spear point and barb. The present 
writer has examined several spears with fusiform bones serving as point and barb. 
With the exception of one muduk at Fromm’s Landing, the remainder from that 
site and all from Devon Downs, are too small to have been usefully hafted on a 
spear shaft and are best explained as aids in line fishing. It should also be noted 
that whereas some of the hafted spear points figured by McCarthy are asymmetrical 
in section, the archaeological specimens are relatively flatter and more symmetrical. 
Whatever their function in the Murray valley, these alternative uses have a wide 
temporal and geographical distribution. Fusiform-points of bone or wood were 
employed in Europe for spearing or angling from Palaeolithic to modern times and 
both functions have been documented during the last century for the Pacific area 
and Australia. [Palaeolithic spear points and barbs from the Aurignacian horizons 
at La Ferrassie are figured by Peyrony (1934) ; European fish-gorges are discussed 
by Clark (1948, pp. 46-7, and the references cited there) ; McCarthy (1940, p. 318) 
listed some Pacific occurrences of the dual barb and point; Massola (1956) surveyed 
the distribution of gorges in the Pacific. To Massola’s list should be added the 
Chatham Islands (Skinner 1923, p. 98).] 

It is significant that there are records of wooden gorges being used for line 
fishing by the aborigines in Victoria (Brough Smyth I, p. 391), and the Lower 
Murray area (South Australian Museum Anthropology Notebook mss., March 
1932), during the last century. A midden deposit near Warmambool in SW. 
Victoria, which contained bone muduks, has been radiocarbon dated to 538 ±: 200 
years ago (Mitchell 1958, p. 198). 

It must be concluded that the muduk is a generalized type employed by a wide 
variety of prehistoric and primitive peoples and still used for angling during the 
last phase of Australian prehistory. Consequently, the discovery of 11 archaeological 
specimens on the Lower Murray cannot have much culture-chronological signi¬ 
ficance. Probably the muduk was used to catch Murray cod (Oligorus macquarien- 
sis ), whose bones were represented in several layers at Fromm’s Landing. It is 
relevant that one modern method of catching this large fish is to trail a lure, which 
simulates the movement of a live fish, behind a moving boat. Clark (1948) describes 
the baiting of gorges with live fish in some European peasant communities and this 
is an added reason for believing that the muduk, possibly baited with a living fish, 
was a fish-gorge. The disappearance of muduks from the later material assemblage 
is explicable in two ways. The aborigines may have substituted perishable wood 
for bone as the raw material, (the use, a century ago, of wooden gorges is documented 
above), or they speared and netted the fish in preference to angling for them. The 
evidence cited already supports the first alternative, but Eyre’s account is relevant 
to the second and probably there is validity in both. Eyre stated in 1845 (II: 
259-67) that he had never seen the aborigines of that area catch fish on the line; 
he supplied a long description of the methods adopted to spear and net them. For 
the group concerned, the social implications resulting from the substitution ol 
co-operative techniques such as netting and canoe fishing, for the individualistic line 
fishing, may have been considerable. But this is no reason for believing that a new 
culture had arisen or a new migration taken place. 

The Fromm’s Landing excavation has raised crucial problems concerning the 
cultural identity and uniqueness of the Mudukian phase of Australian prehistory, 
with its type-artefacts, the muduk and the microlith. The muduk is so widely 
distributed in time and place that it should be abandoned as a cultural type. (In any 
case it has not. been found on any ‘Mudukian’ site other than Devon Downs.) 
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Microliths are an integral part of the pirrian period at Fromm’s Landing and there¬ 
fore the claims of the Mudukian to be considered a cultural entity are extremely 
tenuous. This is borne out by an analysis of the stone industry in those levels (5-7) 
which contained muduks. In Hale and Tindale’s view the change from Pirrian to 
Mudukian cultural phases was ‘abrupt’ and a result of migration (p. 213). There 
is no discontinuity in the evidence from Fromm’s Landing, where in level 6 there 
is a pirri associated with 2 muduks. There are also 3 small artefacts in level 6 
(A52088-90) which, although not truly geometric, are clearly made in that tradition. 
These and 4 micro-scrapers (A52092-5) are proof that very small quartz pieces 
could still be shaped by minute retouch. Although inconclusive, level 7 produced 
evidence of some interest. 5 leaf-shaped primary flakes were uncovered; all of these 
were simple, untrimmed, pointed flakes and some resembled potential pirri-blanks 
while others are good enough to use as they are. As only one other similar flake was 
found during the excavation, it is notable that 5 should have been buried in the one 
stratum. Is is also relevant that layer VII at Devon Dowms contained 4 pointed flakes 
(numbered A29264 and A29148), proportionately a high number to flakes in other 
levels. In both shelters the flakes were stratified immediately above pirrian horizons 
and it suggests that they were intended to perform the same function as pirris, 
although no premium was now placed on aesthetic appeal. 

The unavoidable conclusion is that it is misleading to speak of a Mudukian 
culture suddenly succeeding the Pirrian. The muduk itself is a doubtful cultural 
indicator; the microlithic tradition in its classic phase at Fromm’s Landing, ante¬ 
dated the first muduks and was associated with pirris; the analysis of the utilized 
stone made above, shows that there was continuity of productive technique. Earlier 
in this discussion it was suggested that the key to understanding the history of the 
site may be found in the new emphasis upon wood-working, indicated by the presence 
of adzes, and a more complete exploitation of the resources of the valley. In-such 
circumstances, the social significance of well-made stone tools might decrease thereby 
leading to a lack of preoccupation with the appearance of an artefact. (Conversely, 
D. S. Davidson (1935) has cited the example of aborigines who abandoned utilitarian 
but unaesthetic stone spear points, when it became socially desirable to possess attrac¬ 
tive but less efficient ones.) 

It is interesting that pirris and microliths in their most finished form both 
disappeared at about the same time; the C14 date of 3240 ± 80 for level 4 proves 
that their production had ceased by that time. The possibility that they were 
associated on a composite tool should be considered. With a pirri as point and a 
microlith as barb, an admirable spear would result. The chief difficulty in this 
explanation is that the 2 types are mutually exclusive in surface collections made in 
many areas. 

Murundian (Devon Downs Layers I-IV) 

As at Devon Downs, the implements in levels 0-4 were few and generally 
crudely made. It is premature, however, to claim that this represented occupation 
by a new cultural group. There was no change in the types of utilized stone and the 
traditions of stone-working established during the pirrian phase at both sites, 
continued through this period. The adze was used throughout, while very delicate 
retouch on 3 scrapers and long, fluted, flake-scars on 2 small cores, show that 
precision flaking and retouch was still possible, although uncommon. But the chief 
evidence for cultural continuity is obtained from a study of 4 asymmetrical backed 
points, occurring in each of levels 0 to 3. The largest example, 1$ in. in length and 
made from inferior milky quartz, is abruptly trimmed on the thick edge and base, 


ARCHAEOLOGICAL EXCAVATIONS AT FROMM’S LANDING 79 

while the other edge is sharp and unworked; despite the rough finish, these are the 
essential characteristics of the Bondi-point (McCarthy 1946, p. 36). 2 smaller and 
crudely made quartz bladelets from levels 0 and 1 were also steeply backed and are 
typologically similar. One edge of the Bondi-point from level 2 is carefully trimmed 
and the retouch is so delicate that it suggests comparison with the microliths of 
lower levels. In fact, a close examination of the microliths in layer 8 is of considerable 
interest. 2 of them are slightly more elongated than the crescents and triangles of 
levels 9 and 10. This type could reasonably have developed into the backed points 
characteristic of the upper layers, and a direct comparison is suggested between these 
artefacts and the 3 quartz Bondi-points. (Specimen A29019 from layer VI at Devon 
Downs is also best explained as a backed point, transitional between geometric and 
Bondi forms.) 

If this interpretation is valid, it underlines the essential continuity of industrial 
traditions on the site from the earliest to the latest occupations. It also means that the 
Bondi-point at Fromm’s Landing was later than the classic geometric microlith. 
Future excavators should keep this problem in mind because McCarthy has offered 
a different interpretation for New South Wales. While he stresses the essential 
affinity between geometric forms and the Bondi-point, McCarthy (1948, p. 31) has 
concluded that ‘the full development of the geometrical microliths was . . . subse¬ 
quent’ to the invention of the Bondi-point. 

The discovery of the Bondi-point in level 2 is of considerable interest to the 
controversial problem of the status and function of the microlithic industry in 
Australia. The extreme tip of this fine grained indurated mudstone point was broken 
in antiquity (PI. VIII, fig. 2; Fig. 4b). It is now | in. in length and is abruptly 
trimmed along the length of its thickest edge. A dark brown stain extends in a 
curve across half of one face, continues over the retouched thick edge and on the 
lowest margin of the reverse face there is a faint discolouration. This suggests the 
possibility that the artefact was part of a composite tool and that the manner in 
which it was mounted is indicated by the stain. That is, the adhesive material com¬ 
pletely covered the carefully retouched edge and the working edge was the clean, 
sharp, thin margin. In an attempt to establish the origin of the stain, the artefact 
was submitted to the Chemical Physics Section of the Commonwealth Scientific and 
Industrial Research Organization. Dr. A. L. G. Rees, Chief of Division, stated in 
his report, that his chemists were ‘tolerably certain that it is not a mineral stain, 
but foreign organic material. Such tests as it was possible to do indicate that the 
material is highly polymerized; in other words, if it is a natural resin, it has been 
modified either during the bonding process (perhaps by fire-curing) or by sub¬ 
sequent ageing. It is certainly not fat or dried blood and it is difficult to imagine that 
the aboriginals had any organic substances other than plant gums. Although it has 
not proved possible to establish the identity of the foreign substance positively, we 
are inclined to favour the suggestion that it is a natural resin.’ 

If this tentative conclusion is taken to warrant serious consideration, it opens 
up interesting avenues of speculation. The abrupt secondary trimming was intended 
to blunt the edge of the primary flake and not to sharpen it, because it was 
completely embedded in the resin. Its only function can have been to present a thick 
roughened surface, ensuring firm adhesion to the resin and at the same time reducing 
wear on the gum and the wooden shaft. It would be misleading to consider this 
particular Bondi-point as a point, because the tip must also have been covered by 
the resin; neither was it a ‘backed knife’ with the blunted edge intended as a 
finger-rest. It is relevant to ask whether the careful trimming on geometric microliths 
was also hidden beneath resin, while the primary flake edge was intended for use. 
c 
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Reference is made here to the suggestion advanced earlier, that microliths may have 
been barbs to the spears of which pirris were the points. McCarthy advanced the 
opinion (1943, p. 149) that the Bondi-point was a dual spear-barb and point. 
Although this specimen is not large enough to have served a dual function, the best 
explanation of its purpose is as a barb. McCarthy’s suggestion gains support from 
evidence recently obtained in Europe. At Loshult in Sweden, during 1951, peat- 
diggers uncovered a Mesolithic arrowshaft with microlithic stone point and barb 
still attached; that they were hafted on an arrowshaft and not a spear shaft is 
irrelevant. From a description and photograph, supplied by Professor Grahame 
Clark, it is clear that a roughly triangular microlith was mounted at the tip of the 
shaft, while the barb was an obliquely blunted type, with the sharp primary flake 
edge projecting and the worked margin embedded in the resin. The size and shape 
of this barb was almost identical to the Fromm’s Landing specimen and the resin 
in which it was mounted made a similar slight curve across the face of the artefact. 
During his excavation at Star Carr, Professor Clark uncovered an elongated trapeze, 
with part of the retouched edge still embedded in resin; an examination of this 
artefact also shows close parallels to the Australian example (Clark 1954, pp. 102-3; 
PI. XXf). 

Because of the present lack of stratigraphic evidence relating to the introduction 
of the ground axe into Australian material culture, an inconclusive piece of evidence 
from this excavation may be mentioned. Although no axes of any description were 
found, it is perhaps noteworthy that small fragments of diabase were recovered in 
levels 0, 2 and 3. This stone must have travelled a considerable distance to the site 
and it was the only suitable material for axe production found there. Possibly, this 
is a clue to the relatively late introduction of the grinding technique in this area. 
This is certainly an important problem awaiting archaeological definition. 

The excavation at Fromm’s Landing has recovered some interesting evidence, but 
it is tantalizingly meagre. The suggestions made in this discussion are offered in the 
realization that they are largely negative and always tentative; only further excava¬ 
tions in many areas can contribute positive information. The time is not ripe for 
attempts at cultural and chronological syntheses of Australian prehistory. That 
pirris are an ancient type was established at Devon Downs; Fromm’s Landing has 
confirmed this and added geometric microliths to the types whose stratigraphic 
provenance are known. But these discoveries relate only to the Lower Murray valley 
and should not be correlated at present with other areas. It is unfortunate that Hale 
and Tindale chose to apply cultural terminology to their material. The use of the 
terms Mudukian and Murundian, evocative of migration and sudden change is now 
shown to be misleading. It is improbable that the area was immune from tribal 
movements and the diffusion of ideas; but at this early stage of prehistoric investiga¬ 
tion it is safer, though less satisfying and vivid, to refer to the evidence at excavated 
sites by reference to their strata numeration. Thus, Devon Downs VI and Fromm’s 
Landing 7 may be said to contain muduks, without prejudicing the question of 
whether the inhabitants of both shelters were contemporaries, or culturally 
Mudukian. 


Prehistoric Natural History and Climate 

As both the samples of identified molluscan and mammalian remains numbered 
some hundreds of specimens, it is relevant to use this data in an attempt to assess 
prehistoric environmental conditions. It had been hoped to correlate this evidence 
with the results of pollen analytical examination. Dr. Suzanne Duigan of the Botany 
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Department, University of Melbourne, collected 25 samples from the section in 
1956 for pollen analysis. Unfortunately this project proved fruitless. 

The most striking characteristic of both the molluscan and mammalian evidence 
is that the species remained constant throughout the deposit; those in earlier strata 
were identical to those inhabiting the area at the time of European settlement. The 
only introduced species, Oryctolaqus (the European rabbit), occurred in the surface 
stratum; it is worth remarking that no remains of dingo were recovered at this site. 

The excavators of Devon Downs inferred that their evidence indicated a 
progressive modification in environmental conditions due to climatic changes in the 
direction of the semi-arid conditions of the lower watershed characteristic of the 
present time (p. 213). The evidence from Fromm’s Landing cannot be used to 
support this suggestion. Sarcophilus (Tasmanian Devil), represented by one animal 
in level 7, was the only species which was probably extinct in the area at the time 
of European settlement; its extinction was possibly related to aboriginal activity. 
Some Chelodina (tortoise) bones from a Pirrian horizon at Devon Downs were 
identified as Chelodina expansa, a species at that time thought to be restricted to 
N. Australian waters (pp. 199, 215). At Fromm’s Landing, only small fragments 
of carapace were recovered and these did not permit a determination involving the 
distinction between expansa and the common Chelodina longicollis. However, no 
climatic inference should now be drawn from the occurrence of expansa at Devon 
Downs. There exist records establishing that both longicollis and expansa were 
found alive in and near the Murray R. during recent years. Amongst the Chelodina 
expansa in the National Museum of Victoria are the following 3 localized specimens: 
No. D9722 Koondrook, Murray R., 3-1-1917; Nos. D9720-21 White Cliffs, Murray 
R, 15-4-1925. 

At Devon Downs, fluctuations in the frequency of certain molluscan species were 
held to be environmentally significant. This inference is not supported by the new 
evidence. Although the proportions of the univalves Plotiopsis (Melania in the 
Devon Downs report), Lenameria (Bulinus ), and Corbiculina varied at Devon 
Downs, there was no significant alteration at Fromm’s Landing. Plotiopsis was 
rare, averaging from 2 to 10 specimens in a level; Lenaineria was always more 
abundant, a level containing from 20 to over 100 shells. Hale and Tindale (p. 213) 
suggested that Plotiopsis was an indicator of brackish water conditions; it is now 
known to inhabit deep water, e.g. it is abundant in the Murray R. at Mildura. It may 
be significant that although Austrosuccinea australis was rare, it occurred in almost 
every level. This small land snail demands a dry habitation, similar to that which 
characterizes the area today. 

Miss Hope McPherson, who identified the molluscan species, submitted some of 
the bivalves from lower levels to D. F. McMichael of the Australian Museum, 
Sydney, for further examination. He concluded that the mussels ‘appear to be all 
the same pair of species, Velesunio ambiguus and Alathyria jacksoni, apparently an 
almost typical present day Murray R. population. The jacksoni is of the “selwyni” 
form and some of the ambiguus are of the “evansi” form.’ 

It can only be concluded that there is no evidence at Fromm’s Landing, that any 
substantial modification of climate, water temperature or wild life, occurred during 
the 5,000 years tenancy of the land by the aborigines. 

The Rock Engravings 

Immediately above the shelter there is an almost continuous strip of engravings 
over 40 ft. long and from a few inches to 2 ft. wide; several engravings have also 
been made on the shelter roof. The rock surface in this panel is relatively smooth 


82 D. J. MULVANEY: 

and free from the smoke incrustation which covers the remainder of the cliff face 
and this suggests that the surface may have been artificially prepared at a relatively 
late stage in the occupation of the shelter. 

Variants of 2 basic motifs formed the repertoire of the artists of this gallery; 
one design was linear and the other consisted of small circular holes, worn or 
drilled into the soft limestone (PI. VIII, fig. 1). All the designs are similar to those 
recorded at Devon Downs and they conform to Hale and Tindale’s Type C (p. 211), 
the latest art engraved at that shelter. The linear markings, fairly shallow grooves, 
occur both singly and in groups, and are frequently parallel and roughly vertical; 
they range in length from less than 1 in. to over 6 in. There are several bird tracks, 
possibly emu, and ‘match-stick’ figures which must be interpreted as representations 
of the human form. However, the most characteristic feature of the site is the 
hundreds of circular holes, which are sometimes over \ in. deep and vary from 
^ in. to 1 in. in diameter. Most of them appear to have been placed at random, 
although many are distributed in definite clusters and others form lines or rows, 
consisting of as many as 15 holes. Some holes are drilled into earlier linear grooves, 
but unlike some examples at Devon Downs, adjacent holes were not deliberately 
connected by grooves. 

Age : There is little doubt that these engravings are of relatively recent origin. 
They are on the exposed cliff face, yet they are not badly weathered or eroded; no 
smoke encrustation has developed since they were engraved; the designs are similar 
to the most recent markings at Devon Downs. Without the use of scaffolding, the 
surface would have been out of the reach of any occupant earlier than about level 2 
times. It is relevant, that a close inspection of the holes reveals that they have been 
drilled by persons who stood level with the rock face and did not have to reach 
upwards. 

Purpose and Affliations : The lack of any aesthetic appeal in the engravings 
is only too apparent; but they have characteristics in common with numerous sites 
recorded in the Lower Murray region by Sheard (1927a, b; 1928), Hale and 
Tindale (1925; 1930) and others. 

It is a widely held belief in Australia that linear grooves are tally marks, periodic 
records of attendance at ceremonies, or time intervals. The functional nature of 
the circular holes has also been urged in conversation by N. B. Tindale, who suggests 
that they were produced by the makers of fire-drills when twirling the wooden drill 
on the rock in order to wear its points to a suitable shape. If these explanations are 
valid, it is incorrect to refer to these marks as ‘art’. 

However, this does not explain why, at times, both grooves and holes show 
purposeful design. It is also necessary to explain why so many fire-drill makers 
concentrated their activities on this particular section of the rock, while failing to 
leave any utilization marks on the rock above the other 5 rock shelters in the 
immediate vicinity. McCarthy (1958, pp. 16-17) has stressed that linear and circular 
spot designs of the types represented here are also represented among the cave 
paintings of E. Australia, and concluded that ‘these motifs in both engravings and 
paintings had some meaning within the rock art itself apart from any utilitarian 
purpose . . In this connection, it is interesting to note that dots, painted hap¬ 
hazardly or in lines on cave walls, are a little studied but characteristic feature of 
European Palaeolithic art. They occur, e.g., at Lascaux, Baume D’Oullins, Marsoulas 
and Castillo. The most interesting Palaeolithic site is Les Trois Freres, where in 
the ‘Lateral Gallery of the Dots’, long lines of painted dots appear on the same wall 
as what must be interpreted as engraved circular holes (Bataille 1955; Breuil 1952, 
figs. 124, 179, 258, 457). 
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A complete scaled photographic record of these engravings was made and the 
negatives have been deposited in the South Australian Museum. 

The Human Burial 

During the 1956 excavation, a shallow grave was uncovered immediately inside 
the shelter and was excavated by N. B. Tindale. The grave had been dug at the 
period when the top of level 1 was the ground surface and it reached to the bottom 
of level 2. The grave was oval in shape and its sides were undercut by several 
inches. Its maximum width at the bottom was 16 in. and its length 26 in.; it projected 
under the S. wall of the trench for 9 in. The infilling was a loose grey soil containing 
numerous charcoal lumps; several small limestone fragments had been placed over 
the top of the grave. As these stones and subsequent hearth deposits dipped down¬ 
wards over the grave, this indicated that the loose infilling had subsided and created 
a hollow; it was only levelled out during level 0 times. 

The body, which was orientated almost due E. and W., was flexed, and lay on 
its left side with its right arm extended and its left arm bent across its chest. The 
mandible was detached from the head and lay a few inches from it. This feature, 
and the fact that the body was tightly flexed and fitted into the small grave, is an 
indication that the body was desiccated at the time of burial. Such practices are 
well documented for this area at the time of the European arrival. 

The skeletal remains, which are in a good state of preservation, are now in the 
South Australian Museum collection. The sex is female, and the chronological age 
is estimated at 30 ± 5 years. 
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Explanation of Plates 

Plate VI 

Fig. 1.—The shelter as seen from the lagoon. 

Fig. 2.—General view of the site looking south. 

Plate VII 

Fig. 1.—North face of the 1956 excavation as seen from inside the shelter. 

Fig. 2.—Baulk between 1956 and 1958 excavations looking west. Note: The darkening which 
shows in the lower corners of the section is caused by moisture and does not indicate 
any change' in the nature of the deposit. 

Plate VIII 

Fig. 1.—A representative group of the rock markings. 

Fig. 2.—Microlith showing traces of gum. Scale 4:1. 
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ON THE WESTERN AUSTRALIAN KODJA 

By Aldo Massola 
[Read 12 November 1959] 

Abstract 

Forty examples of the Kodja axe of the aborigines of Western Australia have been described 
by previous authors. A system of classification based on the trimming of the stones and the 
robustness of the handles has been advanced. 

The present paper adds 23 examples to the list, and greatly increases the N. limits of its 
distribution. The former classification is shown to be now untenable. The theory that the 
Kodja had a ceremonial as well as a functional role is advanced. 

Comments by first-hand observers in the first half of the nineteenth century have been 
discovered and these greatly assist in understanding the Kodja. 

The object of this paper is to discuss 2 collections of Kodja which have appar¬ 
ently been overlooked by earlier writers. These 2 collections are numerically large 
enough to make an appreciable difference to the sum total of known examples, as 
well as to greatly increase the known range of their distribution. Two Kodja held 
in private collections are also described. After studying all the available information 
the author has arrived at the conclusion that most of the so called ‘decadent’ 
examples had a sociological and not a functional role in the economy of their makers. 

Tindale (1950) described the specimens existing in several European and 
American Museums, as well as those held by the S. Australian, W. Australian and 
the Australian Museums. In a further paper (1951), he described additional speci¬ 
mens which came to his notice after the first paper was published. As a result of 
these 2 papers he made it known that at least 40 examples of this implement exist. 
These 40 specimens he has divided into 2 categories, the pre- and the post-European, 
or functional and demonstration models. He distinguished the one from the other 
mainly by whether the stones had a worked cutting edge and whether the handles 
were sturdy, and polished by use, or thin and crooked and showing no sign of 
handling. 

According to this classification he divides the known examples as follows: 
Well made, used, early examples, 22. Demonstration models 18. Total 40. Of these, 
14 were examined by him in Australian museums: W.A. 4, S.A. 3, N.S.W. 4, 
making a total of 11. Where the other 3 are is not stated. Of the 14 Australian 
examples, only 2 are said by him to be early, the other 12 were therefore presumably 
considered to be demonstration models. 

Obviously this classification would seem to be untenable. Even if some were 
made for sale to Europeans, the number of genuine specimens in our collections 
would surely exceed this small percentage. 

Davidson and McCarthy (1957) discussed the work of Tindale and slightly 
enlarged the distribution of the Kodja. They laid stress on the importance of an 
archaeological specimen of a single Kodja from Arnhem Land, in demonstrating the 
former wider distribution of the single, if not of the double Kodja. The claim of 
Tindale that a good percentage of the known examples are degenerate or demon¬ 
stration models was not upheld by them and it was pointed out that—‘so little 
information on the Kodja as used by the aborigines is available that this premise 
cannot be said to be supported by adequate data. The dates of collection of specimens 
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extant are seldom recorded and even if known would throw no light on dates of 
manufacture. No specimen is certified as having been made specially for exhibition 
or sale to a settler. If it could be established that some or all the “degenerate” 
specimens were made in late times, it would not necessarily follow that poor examples 
were not also made in prehistoric times. At present there is no evidence to show 
that the known specimens do not represent the normal range in quality.’ 

Ride, of the W. Australian Museum (1959), has drawn attention to a small series 
of edge-ground axe heads (his group D) which he claims to have been Kodja 
heads, and which he considers to have been a late development among the natives 
of SW. of W. Australia. It is certainly possible that Europeans might have facilitated 
the introduction of this idea, if not of actual examples, by bringing in natives from 
other areas. It is difficult to know just how widespread the use of such ground edge 
implements really was, or what was their real function, as well as their proper place 
in relation to Tindale’s classification. 

Tindale did not mention the Kodja in the National Museum of Victoria, where 
there are 9 examples, the largest collection in any Australian museum. Particulars 
of these are as follows: 

National Museum Reg. No. 837: Obtained in 1890. A small specimen, with 
a sturdy serviceable handle, 9 in. long. The 2 stones, one for hammering, the other 
for cutting, are fortuitously shaped and have not been trimmed to shape by secondary 
chipping. They are made from fine grained igneous rock (greenstone) and are 
imbedded in a mass of resin which had been stained with red ochre. It is a well 
worn example. No locality. 

No. 838: Obtained in 1890. A large and heavy implement fitted to a thin and 
frail handle, 10£ in. long. Both these stones have a cutting edge formed by fracture, 
but not trimmed. While one is mounted in the usual plane the other has been 
mounted with the edge at right angles to the handle, thus conforming to the 
classical adze type. No sign of use is discernible on either of the stones, which are 
of fine grained igneous rock. The end of the handle is polished by rubbing. Collected 
by John Forrest from the Kardagur tribe, between the Vasse and Blackwood R., 
near Bunbury, W. Australia. 

No. 839: A large implement, fitted with a sturdy handle 13£ in. long. The 
cutting edges are so obtuse that it could almost be said that both the stones are 
for hammering only. They are fortuitously shaped of fine grained igneous rock. 
There is no evidence of use on the stones, or polish on the handle. Obtained by 
John Forrest from the same locality and on the same date as No. 838. 

No. 840: Also obtained in 1890. A medium sized implement with a thin handle, 
9 in. long, which shows some sign of polish but no sign of use. The stones have 
been shaped by fracturing only and are not trimmed to shape. They are made from 
fine grained granitic rock. No locality. 

No. 842: Obtained in 1890. In this specimen, both the stones have a cutting 
edge, and are of fine grained igneous rock. They are imbedded so deeply in the 
gum as to be quite unserviceable. The little of the cutting edges which protrudes is 
fortuitous and shows no sign of use. The handle is very sturdy, by far the thickest 
in the collection and is well polished. No locality. 

No. 8597: Obtained in 1900. Hammer-axe of coarse grained granitic rock, show¬ 
ing no sign of trimming. The very thin and unserviceable handle is 12 in. long and 
shows no sign of polish. In this specimen the gum holding the stones in position 
has been chipped off one side, revealing the end of the handle. It is worthy of 
record that the part of the handle which is normally hidden from view, has been 
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purposely roughened and notched in order that the gum may better adhere to it. 
No locality. 

No. 15666: Obtained in 1890. Both the stones are fortuitously shaped and have 
cutting edges but show no sign of use. The material is a fine grained igneous rock 
(greenstone). The handle is 10£ in. long, and of the ‘unserviceable’ type. It was 
obtained by John Forrest from the Whajook and Ballardong tribes of York, 
W. Australia. 

No. 35648: Obtained in 1927. Stones in this specimen have received some 
flaking, but show no evidence of having been used. The material is a dark igneous 
rock. The handle is 9 in. long, sturdy, and well polished. Swan R., W. Australia. 

No. 49894: Originally in the E. J. Dunn collection (No. 26) which was 
assembled in the 1880’s. It is a massive implement, fitted with 2 very poor 
fortuitously shaped pieces of granitic rock and shows no sign of use. The 12 in. long 
handle is thin, unserviceable and yet highly polished. Collected on the S. coast, 
W. Australia. 

It will be noted that the examples in this collection do not conform to Tindale’s 
classification. In only one specimen is there any sign of trimming on the stones, 
but, as in most of the other Kodja, this particular example shows no sign of use, 
while it has a polished handle. It can be stated that the polish, or size of the handle, 
has no bearing on whether the hammer-axe was used or not. Further, in 8 of the 
9 Kodja the blades are merely fractured pieces of stone, not trimmed in any way. 

Another collection, not mentioned by Tindale, is one which was formed between 
1863 and 1901 by the late Professor E. H. Giglioli, and now, I believe, in the 
Florence Municipal Museum. It is described in the first part of Giglioli’s La 
Collesione Etnografica which was published at Citta di Castello in 1911. The 
collection comprises 12 examples of Kodja, all fully documented. A translation of 
the description follows; 

No. 110: Kodja or Kodju, hammer-axe made with 2 unshaped pieces of hard stone, one 
with a cutting edge, the other flat, imbedded in a block of black gum on which is affixed a short 
pointed stick serving as a handle. This is a characteristic instrument of the natives of Western 
Australia. From the Whajook, York District, W. Australia. 

No. Ill: Kodgi, hammer-axe. 2 pieces of granite, united and hafted in the usual way. Gum 
coloured reddish-brown with ochre (wilgee). From the Ballardong Tribe, York District, 
W. Australia. 

Nos. 112-113: 2 Kadjo hammer-axes of the usual type of W. Australia. The pieces of stone 
are of a pretty green quartzite. The handles are well worked and polished, which is not 
generally the case. From the Kakarakala tribe of the Gascoyne R., W. Australia. 

No. 114: Kaddu, hammer-axe. The 2 stones are of granite. The handle is decorated with 
engraved cross lines. From the Yungar tribe of Newcastle, W. Australia. 

No. 115: Kodgi or Kooga, hammer-axe. Stones of granite, coloured red. From the Kardagar 
tribe of the Blackwood R., W. Australia. 

No. 116: Kodja. Typical hammer-axe. The stones are of a rough greenish quarzite. From 
the Minnal Yungar tribe, Victoria Plains, W. Australia. 

No. 117: Kaijoo, hammer-axe, very heavy. The 2 stones are very dense and black, of what 
appears to be diorite. Both the stones and the handle are patinated by long use. Obtained from 
a Kimurra of Nickol Bay, W. Australia. 

No. 118: Kodgii, hammer-axe. The head is big and heavy. The 2 stones are of dark-grey 
quartzite. The handle is ornamented with 3 stripes of black gum. From the Peopleman-nunger 
tribe of the lower Blackwood! R. 

No. 119: Kokio or Coccio. Double axe. Both the stones have a cutting edge and are of grey 
quartzite, tinted red, like the gum. From the Tirarop tribe, New Norcia, W. Australia. 

No. 365: Kodjer or Gadjoo, hammer-axe. It is the well known and characteristic stone 
implement of the natives of the W. littoral of Australia. It consists of 2 pieces of hard stone, 
unworked, one with a cutting edge, the other blunt, fixed by means of a lump of gum on to 
a small stick. From the Toodemunjer tribe, NE. of Perth, W. Australia. 
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No. 2399: Kooga, hammer-axe of rough syenite. Of the primitive type belonging to the 
natives of the S. littoral of W. Australia. 2 unshaped pieces of rock, one with a cutting edge, 
the other blunt, fixed in a lump of Xanthorrhea gum, in this case tinted brown-red. Obtained 
from natives in the vicinity of Bunbury, SW. of W. Australia. 

In examining this data some rather interesting points can be noted. First, there 
are the native names, which seem to differ slightly with each tribe. Then there is 
the statement that the stones are unshaped and unworked, and the handles are only 
mentioned as being well worked and polished in Nos. 112-113 with the qualification 
‘which is not generally the case’. But the main value of this collection is that it 
greatly extends the N. limit of the Kodja’s distribution. McCarthy and Davidson 
stated that the double Modja’s limit in this direction ‘seems to have been Northamp¬ 
ton, or possibly the Murchison River, rather than Geraldton as formerly thought’. 
It can now be safely claimed that it is Nickol Bay. This also vindicates the veracity 
of the label attached to the specimen mentioned by Tindale as being in the Pitt 
Rivers Museum, Oxford; this label states that the specimen came from the ‘Pidungu 
tribe, 60 miles from Derby’. Davidson and McCarthy doubted the probability of the 
Kodja ranging this far; the Giglioli specimen settles this question. It is well to 
remember the passage in Curr. Vol. 1, p. 297 which states that in this locality ‘for 
knives and tomahawks, flints sharpened by chipping are used, which are fastened 
to a stick, or to the butt of the miro (throwing stick) in some cases, with a very 
tenacious sort of “bitumen”, as my informant says, but more probably by gum. With 
a stone or flint thus stuck on to a stick, a black will cut through a thick log of 
wood’. This description probably refers to a single Kodja, nevertheless the Giglioli 
specimen proves that in this location the double Kodja was also used. 

Two other Kodja, both in private collections, are known to the present writer. 
The first, in the S. R. Mitchell Collection, at Frankston, Victoria, is a massive imple¬ 
ment, furnished with 2 untrimmed grey granite stones, one with a cutting edge, the 
other flat. This last shows some signs of use. It is fitted with a sturdy, serviceable 
handle only in. long, well polished and ending in a blunt, fire hardened point. 
No locality. 

The second is in the F. Smith Collection, Mt. Dandenong, Victoria. The heavily 
patinated stones in this specimen are of fine grained igneous rock, one blunt, the 
other with a well trimmed cutting edge. Neither show any sign of use. The handle, 
11^ in. long terminates in a charred point. It is strong and serviceable and has a 
very high polish. No locality. 

Coming now to the question as to whether the Kodja with untrimmed blades 
and thin, unpolished handles were made for sale to Europeans and do not conform 
to those formerly used by the aborigines, the present writer is of the opinion that 
this is not the case, and that the arguments advanced by Davidson and McCarthy 
in reference to this are sound. 

The first description of a Kodja was given by King (1827). He stated that 
among the natives of King George III Sound ‘the hammer, or kaoit, appears to be 
used only for the purpose of breaking open shell fish, and killing seals and other 
animals by striking them on the head; for it has no sharpened edge to be used as 
a chopping, or cutting instrument; the handle is from 12 to 15 in. long, having one 
end scraped to a sharp point, and on each side at the other end two pieces of hard 
stone fixed and cemented by a mass of gum, which, when dry, is almost as hard 
as the stone itself; the hammer is about 1 lb. weight’. 

In this respect it is well to consult an early authority on the W. Australian 
aborigines, who is very seldom quoted: Monsignor Rudesindo Salvado, the founder 
of New Norcia. He arrived in Perth in January 1846, and immediately proceeded 
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to live amongst the blacks. In 1851 he published his Memorie Storiche dell’Australia, 
which work was translanted into French in 1854, but as far as I know, never into 
English. Quoting from the Italian edition, on page 325 there is a description of the 
Kodja. He states—‘The Coccio somewhat resembles our hammer and axe united 
on the same haft, only the materials differing. At the end of a small stick of wood, 
a little under a foot long and as thin as the little finger of a man, they unite, by 
means of the very tenacious gum from the Xantorea, two stones, one flat to serve 
as hammer, the other cutting to serve as an axe’. He then goes on to describe the use 
to which this implement is put, such as—‘to secure game from dead trees, cut 
footholds on trunks of trees to enable them to climb, fashion their weapons, break the 
bones of the kangaroo, and other animals in order to extract the marrow for food 
or to annoint themselves, and a thousand other uses. The stone used for these imple¬ 
ments is a hard, grey granite, which is only found far from the coast. When the 
lump of gum, the size of an average lemon, is rendered pliable by the action of heat, 
the wooden handle, which had previously been lit at the fire, is pushed half way 
through it while still burning. The two stones, having been heated also, are then 
pushed into the gum, one on each side of the haft. The hardness and lasting 
qualities of this putty render the Coccio as useful as a European hammer. The 
Coccio is always carried at the back, between the spine and the belt, so that the 
handle naturally fits between the buttocks and is thus well out of the way’. 

Previously, on page 319, Salvado described the belt which he claims was the 
only article of clothing as well as a prized ornament, of the natives. It is made of 
possum fur, and is used to carry all manner of things. Through it, at the back, 
was also carried the Coccio. He further states that ‘the natives love this ornament 
and gladly exchange any of their weapons for a little possum string with which to 
make one. This is almost their only article of commerce. Many are without the belt, 
and the women do not wear it.’ 

Earlier, King (1827) had stated—‘the noodle-bul or belt, in which they carry 
their hammer and knife, is manufactured from the fur of the opossum, spun into 
a small yarn like worsted; it is tightly bound at least three or four hundred times 
round the stomach; very few, however, possessed this ornament; and it is not 
improbable that the natives who had their hair clubbed, those that wore belts, and 
the one who was ornamented with shells, held some particular offices in the tribe, 
which it would be difficult for strangers to discover’. 

The present writer would advance the theory that among some tribes the Kodja 
worn in conjunction with the belt would acquire an ornamental, and therefore 
sociological, as well as a functional value. This would account for the unserviceable 
handles, in many cases polished, not by use, but by rubbing against the body, and 
for the crude shape of the stones in most Kodja. These would be examples worn 
solely for effect, and possibly never used, much like the buttons on the sleeves of 
our coats, or across the back of our dress suits, which are unfunctional survivals of 
very necessary adjuncts to the coats of our ancestors. 

An exact counterpart is seen in the Punjab, where village headmen do not 
consider themselves fully dressed unless they carry a long staff fitted with a highly 
decorated axe head, which is purely conventional, and never used. 

In this respect it is as well to mention the ‘ceremonial’ axes from the Mt. Hagen 
area of New Guinea. These axes are furnished with a beautifully ground and 
polished blade often of great size. This blade is so thin as to be almost fragile. In 
any case, the fine bevelled edge would soon break if the axe were ever used. The 
slate they are made from would not resist a blow even against soft wood. The blade 
is mounted in a cavity of the haft and kept secure by bindings of tapa and cane. It 
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is counterbalanced by a piece of wood of the same general shape as the axe head, 
often carved, and decorated with fibre chains and fur. The handle of this axe is as 
unserviceable as the handle of the Kodja. It is thin and pointed and out of all 
proportion to the weight of the axe. 

How do these axes fit into the lives of their owners? Holtker (1942) published 
a paper which gives the answer. A translation of part of it would read as follows: 
‘By the expression “Ceremonial Axe” it is not meant that the implement is only 
used ceremonially, but only that it is not used for practical purposes. It is an 
object which a man keeps constantly by his side, like the bow and arrows, as a 
badge of his manliness and importance. For this reason it is always carried on visits 
to neighbouring villages. When used at all the axe is used for small jobs, or, if 
necessity arises, as a weapon. It is carried either over the shoulder, or the handle is 
pushed through the belt at the back of the body. It has also an ornamental function, 
as when worn at dances. Another of its functions is to form part of the bride-price.’ 
Riesenfeld (1950) claimed that they serve as ceremonial and battle axes, as well 
as important articles of trade. 

This triple function of the axes is also recorded from other parts of New Guinea. 
In the Trobriands for instance, Malinowski (1934) states that when shaped, very 
thin and highly polished, blades acquire an ornamental value. He further states 
that ‘one seldom sees a man of rank and influence, especially during feasts and 
ceremonies, without a ligogu over his shoulder. Nowadays a steel blade takes the 
place of the ancient greenstone’. A third class of blades were the very large ones, 
some even too large to receive the huge, decorated handles, thus becoming quite 
unserviceable as axes, and too heavy and awkward to be carried. These become 
objects of the highest value and tokens of wealth. The same author (1922) had 
earlier claimed that white traders still had to use stone axe blades for payment 
of pearls purchased from the natives. Seligmann (1910) included them amongst the 
articles used as bride-price. 

The present writer does not suggest that there exists any connection between 
the axes of New Guinea and those of W. Australia, but it is suggested that the 
two peoples used their axes for analogous purposes. 
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THE LISMORE METEORITIC IRON 

By A. B. Edwards 
[R ead 12 November 1959] 

The Lismore meteorite is a sub-pyramidal mass of iron, with three roughly equal 
uneven faces (PI. IX, fig. 1) rising from a somewhat rounded base (PI. IX, fig. 2). 
Its maximum dimension is about 8 in. and its weight as received, and before cutting, 
was 22 lb. It was coated with limonitic scale, and exudes copious droplets of ferric 
chloride, which rapidly oxidizes to ferric oxide, when kept in air indoors, causing 
the iron to rust and scale rapidly. Polished sections rust within a few days. 

The meteorite was found by a farmer, Mr. J. E. Spinks, of ‘Selkirk’, Lismore, 
in one of his paddocks about m. W. of the township of Lismore, Victoria. Mr. 
Spinks was removing some stones from the paddock by hand, and was amazed when 
‘his hand came up without this one’. He submitted the iron to Mr. H. Yates of 
the School of Mines, Ballarat, for determination; and Mr. Yates after recognizing 
it as a probable meteorite, sent it to me for determination and description. 

A slice was cut from one corner by Mr. G. M. Aikenhead, of the Metallurgy 
Department, University of Melbourne, and was polished, buffed and etched by 
Mr. Travers Nicholas. Etching with a solution of 5% HN0 3 in alcohol brought up 
the Windmannstatten texture of a medium octahedrite (7 to 10% Ni), as shown 
in PI. IX, fig. 3, with ‘kamacite’ lamellae 1 to 2 mm. wide, a little schreibersite, 
and a troilite nodule about 15 mm. diameter. 

A few grams of filings were drilled from the freshly cut surface of the main 
mass of iron, and gave the following chemical analysis: 


% 


Fe 

91-40 

Ni 

7-79 

Co 

0-56 

P 

tr. 

S 

tr. 


99-75 


Analyst—P. J. J. Sinnott, Mineragraphic Investigations. 

Polished sections under high magnifications reveal that the iron consists essen¬ 
tially of oriented plates of a-iron (kamacite) separated by thin residual blades 
of y-iron (taenite) with much finer intergrowths of these two components 
(plessite) in the interstices of the coarser blades. Short irregular seams of brownish 
schreibersite occur occasionally in the grain boundaries of the iron. 

The troilite nodule exposed in the polished slice is spheroidal and about 15 mm. 
in diameter. In polished section it shows prominent cleavage traces; and it is 
partially converted to marcasite along the cleavage planes, while the margin of the 
nodule shows partial conversion to marcasite and limonite. 

93 




94 A. B. EDWARDS: LISMORE METEORITIC IRON 

Explanation of Plate 

Plate IX 

Fig. 1.—View of ‘side’ of the Lismore meteorite, x jr. 

Fig. 2.—View of the ‘base’ of the Lismore meteorite, x i. 

Fig. 3 .—Etched surface of slice of Lismore meteoritic iron, showing kamacite lamellae, and 
interstitial areas of plessite. Portion of a troilite nodule shows on the upper right edge. 
Some rusting of the surface has occurred in the upper part of slice during the period 
between polishing and photographing, x 1. 
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THE TAWONGA FAULT, NORTH-EAST VICTORIA 

By F. C. Beavis 
[Read 12 November 1959] 

Abstract 

The Tawonga Fault has been mapped between Morse’s Creek S. of Bright, and the Mitta 
Mitta Valley. Two periods of movement have occurred; the earlier, a wrench faulting, is of 
Palaeozoic age, the latter was a low angle thrusting in which young alluvials were involved, and 
is of Tertiary to Pleistocene age. This younger movement was associated with the Tertiary 
warping in E. Victoria. 

Introduction 

In a report of geological surveys for the (then) proposed Kiewa Hydro-electric 
Project, J. G. Easton (1937) stated: ‘One of the first physiographic features which 
strikes one’s imagination on visiting this area is the sudden and marked termination 
of the . . . river flats of the Kiewa Valley, and this, I am convinced, is to be 
explained by a major fault trending along the foot of the Bogong spurs in a north¬ 
easterly direction’. 

When, in 1946, the final layout for the No. 4 Development of the Kiewa 
Project was adopted, it seemed probable that if the fault suggested by Easton did 
in fact exist, it could influence tunnel construction. The writer therefore undertook 
field work in 1948 which confirmed the existence of Easton’s assumed fault. Sub¬ 
sequently, in the latter part of 1948, the fault was exposed in the No. 4 Tail Race 
Tunnel. Further field work in 1954 and 1958 traced the fault as far as Chinaman’s 
Creek, near Bright, in the SW., and the Mitta Mitta Valley in the NE. This fault 
is known as the Tawonga Fault. 

Topographic Expression of the Tawonga Fault 

Easton (op. cit.) noted a strong physiographic lineament extending from the 
Ovens Valley, along Symmond’s and Mountain Creeks, through the Mitta Mitta 
Valley and along Cudgewa Creek to the Murray R. The more detailed observations 
by the present writer showed that this lineament can be traced with certainty to the 
NE. only as far as the W. branch of Snowy Creek, to the W. of the Mitta Mitta 
Valley. Beyond this, parallel lineaments such as that of Cudgewa Creek occur, but 
do not occupy the Tawonga Fault; rather, these occupy en echelon structures. The 
Ovens Valley crosses the Tawonga Fault almost at right angles; to the SW. 
Smoko Creek and Chinaman’s Creek, and to the NW. Symmond’s Creek, Mountain 
Creek, and Trapper’s Creek all follow the fault. 

A marked change in elevation occurs across the Tawonga Fault (see PI. X, 
fig. 1). In the Kiewa area, the youthfully dissected terrain SE. of the fault has an 
average elevation of 5800 ft., while to the NW. of the fault, the divides have an 
average elevation of 4000 ft. This latter area is marked by a much more intricately 
dissected topography, and the Ovens, Kiewa and Mitta Mitta Valleys have reached 
early maturity. The topographic evidence suggests uplift of the SE. block of not 
more than 1800 ft., with rejuvenation of the drainage on this block. The Bogong 
High Plains represent a fragment, as yet undissected, of the pre-uplift terrain. 

Within the Upper Kiewa and Upper Big R. Valleys, evidence of several periods 
of stillstand is seen in valley in valley structure. Strongly developed benches occur 
at elevations of 5600, 5400, 4600, 4200 and 3600 ft. Traces of alluvium are to be 
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found on some of these benches. To what extent this valley in valley structure is 
due to the uplift of the fault, or to the Tertiary warping, is difficult to assess, and 
further investigation will be required to resolve this point. 



Geology 

Field Relationships 

At the SW. section of the area mapped (Fig. 2), on the divide between Morse’s 
Creek and the Ovens R., Upper Ordovician greywackes occur on both sides of the 
fault. Strike of the fold axes is constant at N. 60° W., but there is a strong contrast 
in attitude of bedding in the two blocks. In the SE. block, folding is close and 
relatively complex, whereas in the NW. block dip is constant at 60° with the folding 
broad, open, and lacking complexity. Well to the SE. of the Tawonga Fault in this 
area the fold axes have a more or less uniform trend of N. 10° W., the swing 
to N. 60° W. occurring as the fault is approached. 

In the valley of Symmond’s Creek, crumpled and crushed slates and greywackes 
pass to the E. into low grade chlorite and biotite schists. Here, the sediments and 
schists abut against biotite sillimanite cordierite gneiss, intensely mylonitized and 
brecciated, which, on the Bogong High Plains is transitional from high grade schists. 
Basic lamprophyre dykes intrusive into the gneiss of Symmond’s Creek have been 
brecciated but not mylonitized. A pink granodiorite at Young’s Gap is terminated 
to the NW. by the Tawonga Fault. This granite has been reduced to a protomy- 
lonite by the fault movement. 

At Mt. Beauty township, because of the economic considerations, the study of 
the Tawonga Fault was most detailed. In this area the alluvium of the Kiewa Valley, 
a poorly consolidated boulder conglomerate, terminates against the mylonitized and 
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brecciated gneiss. In an endeavour precisely to locate the plane of the Tawonga 
Fault, 3 diamond drill holes were sunk in July 1948. Of these, bore 479 returned 
crushed gneiss to 200 ft., and bore 480 to 260 ft. Below these depths the varied 
lithology and rounded nature of the core fragments suggested alluvial material. 
Bore 481 was closed at shallow depth before any useful information was obtained. 



Fig. 2.—Map of the Tawonga Fault. 


The No. 4 Tail Race Tunnel portalled in the boulder conglomerate, and was 
driven in this material for a length of 491 ft. from the survey datum (66 ft. outside 
the portal). At this chainage, brecciated gneiss appeared in the back of the tunnel, 
overlying the alluvium (see PI. X, fig. 2). As tunnelling progressed, the gneiss 
occupied an increasing proportion of the face to chainage 653 ft. where the fault 
plane passed through the invert of the tunnel. Accurate surveys in the tunnel showed 
that for this limited section, the fault plane had strike N. 48° E., with dip 16° SE. 
That the Tawonga Fault here is a low angle thrust was clearly indicated. 

In the valleys of Mountain and Trapper’s Creeks, the gneiss of the NW. block 
abutted against medium to high grade schists and granites of the SE. block. NE. 
from the West Branch of Snowy Creek, in the Upper Ordovician sediments, no 
evidence of the Tawonga Fault was observed. 

The Crush Zone of the Tawonga Fault 

Associated with the Tawonga Fault is a belt, up to 2000 ft. in outcrop width, 
of mylonitized and brecciated rock. This belt consists of bands of mylonite and 
cataclasite (Fig. 3), of varying width, which together with the more normal rocks, 
have been subjected to later brecciation. Relatively wide zones of gouge occur with 
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Fig. 3. —Map of Part of Crush Zone of Tawonga Fault, Mt. Beauty Township, 
with section along the No. 4 Tail Race Tunnel. 
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the breccia. It is important to note that the lamprophyre dykes have been brecciated, 
but not mylomtized. 

cr!o e Tr a ^rt. S ^ xylonite generally have a strike varying between N. 40° E. and 
N. 50 E. The foliation of the mylonites is parallel to the walls of the bands. Petro- 
fabnc studies of the quartz and mica of the mylonites (Figs. 4a, 4b) show typically 
an orientation due to flattening. These studies show orientation by a compressive 
stress acting horizontally in a SE.-NW. direction. The attitude of the mylonite zones 
(big. 4c), as well as the fabric, are incompatible with the stress field requisite for 
low angle thrusting. Moreover, the myonites and cataclasites result from faulting 
under physical conditions very different from those which would produce breccia 
and gouge. This evidence leads to the conclusion that there have been at least two 
distinct movements on the Tawonga Fault, at two widely separated periods of time. 
The earlier wrench movement occurred at considerable depths, with elevated tem- 


M M 




Fig. 4.—Mylonites of the Tawonga Fault. 

4a.—Poles to 200 cleavage planes of mica. Contours > 7-5-3-T%. 
4b.—Optic axes of 207 quartz crystals. Contours > &-6-4-2%. Specimen 
for 4a and 4b granodiorite protomylonite, Young’s Gap. 

4c.—Poles to 150 mylonite bands, crush zone of Tawonga Fault. 
Contours > S-6-4-2%. 
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peratures to produce the mylonites (Hsu 1955), while the later low angle thrusting 
occurred at shallow depths. 

Age of the Faulting 

The first movement apparently pre-dated the intrusion of the Upper Devonian 
lamprophyre dykes, since these show no deformation ascribable to the earlier move¬ 
ment. The movement post dated the West Kiewa Thrust, of Benambran age, since 
this has been displaced laterally by the Tawonga Fault. The Tawonga Fault also post 
dates the intrusion of the granodiorite of Young’s Gap, Mountain Creek, and the 
East Kiewa, of epi-Silurian age. The first Tawonga movement was therefore probably 
epi-Silurian in age, and associated with the Bowning orogeny. 

The later movement is more difficult to date exactly. Thrusting probably began 
before the development of the present stream system, and continued for a sufficiently 
great length of time for the alluvials to have been involved. Any suggestion that the 
boulder conglomerate might be a Permian glacial tillite can be discounted by the 
presence in the conglomerate of boulders of High Plains Older Basalt, the rounded 
nature of the boulders, and the virtual absence of clay size particles from the matrix. 
Since the alluvials are continuous with those currently being deposited, the latest 
movement on the Tawonga Fault cannot be older than Pleistocene, although the 
thrusting probably commenced much earlier in the Tertiary. 

There is considerable evidence of Tertiary tectonic activity in the area dating 
from the extrusion of the Older Basalts. The warping which occurred on a NE.-SW. 
axis, and which passes through the Baw Baw plateau and the Bogong and Dargo 
High Plains, is probably the most important expression of this activity. The presence 
of tensile conditions parallel to this axis at the time of extrusion of the Older 
Basalts is indicated by the main centres of eruption, in the area studied, falling on 
lines with this orientation. 

Conclusions 

The Tawonga Fault is to be regarded as one of the major structures of NE. 
Victoria. The fault has undergone at least two periods of movement, one epi-Silurian, 
the other Tertiary to Pleistocene. The younger movements, of the low angle thrust 
type, resulted in the elevation of the up-thrust block by some 1800 ft. 
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Explanation of Plate X 

Fig. 1. —Termination of the Lower Kiewa Valley on the Tawonga Fault. Note rapid ascent 
from Kiewa Valley (1200 ft.) to Bogong High Plains. 

Fig. 2. — The Tawonga Fault, No. 4 Tail Race Tunnel. Gneiss overlies alluvium, the thrust 
plane showing midway down the face. 
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Royal Society of Victoria 


ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1959 

The President and Council present to members of the Society the Annual Report 
and Financial Statement for the year 1959. 

The following meetings of the Society were held: 

March 12. -Annual Meeting. The following office-bearers were elected: Presi¬ 
dent, Associate-Frotessor G. W. Leeper; Vice-Presidents, Mr. R. T. M. Pescott, 
Dr. R. R-Gar ran; Honorary Treasurer, Mr. L. Adams; Honorary Librarian, 
Associate-Professor C. M. Tattam; Honorary Secretary, Mr. Edmund D. Gill; 
Members oj Council, Mr. V. G. Anderson, Mr. W. Baragwanath, Mr. D. A. Casey, 
Capt J. R- Davis, Professor J. S. Turner and Professor Sir Samuel Wadham. 

The following Members of Council continued in office: Mr. J. H. Chinner, 

Dr ; M ; F £ ck ^,? rofessor E. S. Hills, Dr. F. L. Stillwell, Dr. D. E. Thomas 
and Mr. A. G. Willis. 

The Annual Report and Financial Statement for 1958 were received and adopted. 
At the close of the Annual Meeting an Ordinary Meeting was held. Lecture: “Evolu¬ 
tion in Action—The Changing Pattern of Virus Disease”, by Professor Sir 
Macfarlane Burnet. 

April 9.—Symposium: “Evolution of the Victorian Terrain.” 

1. “Cainzoic Terrains”, by Dr. D. E. Thomas. 

2. “Cainzoic Soils”, by Mr. F. R. Gibbons. 

3. “Dating Fossil Soils and Surfaces”, by Mr. E. D. Gill. 

May 14.— Lecture: “The Gibberellins— A New ciass of Plant Hormones”, by 
Dr. D. J. Carr. J 

June 11.—Lecturettes: “The Antarctic.” 

1. Introduction by Mr. P. G. Law. 

2. Mawson and Wilkes and Macquarie Islands Scientific Programmes”, by 
Dr. F. Jacka. 

3. “Mawson and Inland Journey”, by Mr. I. Adams. 

4. “Mawson Aerial Programme”, by Squadron-Leader I. Grove. 

5. “Dog Sledge Journey”, by Mr. G. Knuckey. 

July 9.—Papers: “Microplankton from Australian Lower Cretaceous Deposits”, 
by Professor A. Eisenack and Dr. Isabel Cookson. “Some Structural Features in 
the Barrabool Hills”, by Mr. A. Coulson. “On the Family Cupeididae (Coleoptera)”, 
by Mr. A. Neboiss. “Phytoliths in some Australian Dusts”, by Dr. G. Baker. “A 
New Struthiolariid (Gasteropoda) from Flinders Island. Tasmania”, by Dr. J. 
Marwick. 

August 13.—Lecture: “Problems in the Development of New Guinea”, by 
Professor J. Andrews. 

September 10.—Lecture: “The Science of Art—A Review of the meaning of 
Psychotic Painting”, by Dr. E. Cunningham Dax. 

October 8.—Symposium: “Science in Victoria 100 Years Ago.” 

1. “Botany in Victoria 100 Years Ago”, by Mr. J. H. Willis. 

Ill 

E 



112 


ANNUAL REPORT 

2. “Anthropology and the Aborigines 100 Years Ago”, by Mr. D. J. 
Mulvaney. 

November 12.—CENTENARY SOIREE. Reception, exhibits of historical 
interest, film and review of the Society’s history by Mr. R. T. M. Pescott. Papers 
were read by title only, viz.: 

“Archaeological Excavations at Fromm’s Landing on the Lower Murray”, 
by Mr. D. J. Mulvaney, M.A. 

“On the West Australian Kodja Axe”, by Mr. A. Massola. 

“The Tawonga Fault, NE. Victoria”, by Mr. F. C. Beavis, B.Sc. 

“The Lismore Meteoric Iron”, by Dr. A. B. Edwards, Ph.D., D.Sc., D.I.C. 

December 7-11.—CENTENARY SYMPOSIUM. Our Patron, His Excellency 
General Sir Dallas Brooks, accompanied by Lady Brooks, unveiled the Centenary 
Monument on December 7, at 3.30 p.m., and declared the Centenary Symposium 
open. 

The subject of the symposium was “The evolution of living organisms” as the 
centenary of the Society coincided with the centenary of the publication of “Origin 
of species” by Charles Darwin. The Guest Speaker was Professor Ernst Mayr, 
Agassiz Professor of Zoology at Harvard College, U.S.A. Professor Mayr delivered 
a Tiegs Memorial Oration in the Wilson Hall, University of Melbourne, on the 
evening of December 7, entitled “Accident or design? The great paradox of 
evolution”. This and other papers contributed to the symposium will be published 
by the Melbourne University Press. From Tuesday 8th to Friday 11th, sessions 
were held morning and afternoon at the Society’s Hall. Delegates attended from 
England, New Zealand and all States of Australia, conveying greetings from sister 
societies. On the Tuesday, Thursday and Friday, public evening lectures were 
delivered at the University of Melbourne. 

In co-operation with other scientific organizations, a Darwin centenary exhibition 
was conducted in the Palmer Hall of the Public Library of Victoria. The Society 
also participated in the conduct of an exhibition at the National Museum of Victoria 
of photomicrographs provided by the Royal Microscopical Society of London. 

The concluding function of the centenary celebrations was a dinner, attended 
by over 100 persons, held in the Union House, University of Melbourne. The 
Australian Academy of Science and the University of Melbourne co-operated with 
the Society in the centenary symposium. 

The Society deeply regrets the loss during the year of two members and one 
associate member. 

Reginald Lindsay Black, F.R.G.S., was born in Melbourne, Victoria, and 
died at Leeton, N.S.W., on July 7th, 1959, aged 73 years. Lindsay Black was a 
company manager who became an authority on the aboriginal material culture of 
Western New South Wales. He made many long exploratory journeys into 
inland areas, and accumulated an outstanding collection of carved trees, aboriginal 
implements, photographs of ceremonial grounds, and such like. The Lindsay Black 
collection is in the National Museum of Victoria. He was elected a member in 1958. 

Sir Harold Campbell, Kt., C.M.G., M.M., was born in Ballarat, Victoria, 
was educated in Western Australia and died in Melbourne on July 31st, 1959, aged 
66 years. Sir Harold gave a life-time of service to journalism, and at the time of his 
death was editor of the Melbourne Age. He was a trustee of the Public Library of 
Victoria. In 1945 he was appointed by the Federal Government as a member of the 
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Australian delation to the United Nations conference at San Francisco, the 
conference which founded the United Nations Organization. In 1949 he was selected 
by the Government as an adviser to the Australian delegation at the U.N. General 
Assembly in New York. Sir Harold was noted for his outstanding integrity and 
professional ability. He was elected a member in 1945. 6 J 

Charles Oke was born at Beechworth, Victoria, but spent most of his life in 
Melbourne. He died on May 14th, 1959, aged 71 years. From childhood, Charles 
Oke was intensely interested in coleoptera, and spent most of his leisure in the 
painstaking collection and study of these insects. He was secretary of the Field 
Naturalists Club of Victoria from 1923 to 1926, and later became an entomologist 
at the National Museum of Victoria, donating his valuable collection, including 
many type specimens, to the museum. He contributed five papers on coleoptera to 
the Society s Proceedings. He was elected an associate member in 1922. 

t n V mber | ° f members at December 31, 1959, was: Honorary Members 2, 
Life Members 16, Members 235, Country Members 28, Associate Members 70, 
making a total of 351. This is the highest membership the Society has had. During 
the year 2,006 volumes and parts were added to the library 

Attendances at Council meetings were Adams 8, Anderson 9, Baragwanath 10, 

Q?n Cy Sf IS 9 ’ Fo ' ken 8 ’ Garran 8 > Gill Leeper 10, Pescott 7, 

Stillwell 5, Tattam 5, Thomas 5, Turner 4, Willis 3. 

FINANCIAL STATEMENT 

The year again finished with a credit balance, but it must be pointed out that 
a considerable number of accounts for the Centenary Symposium and Monument 
have not yet been received. 

However a lower expenditure on repairs and maintenance and the increase of 
both rents and interest have helped offset some of these unusual expenditures. 

The Society’s investments were increased slightly during the year. 

The Society expresses its appreciation to the State Government in maintaining 
its grant of £500 and also to the University of Melbourne for its assistance in the 
publication of papers. The Australian Academy of Science donated £200 towards 
the Centenary Symposium. 


SUMMARY FOR THE YEAR ENDING DECEMBER 31, 1959 


Total Receipts. £4,436 13 8 

Balance from 1958 .. 1,148 6 11 


5,585 0 7 

Expenditure. 4,384 14 2 


Balance at Bank 31/12/59. £1,200 6 5 


INVESTMENTS HELD AS AT DECEMBER 31, 1959 

Australian Guarantee Corporation Limited— 

7°/o Debenture Stock. * . £1,000 0 0 

Australian Aluminium Company Limited— 

7% Debenture Stock. 800 0 0 


£1,800 0 0 
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